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Lasers: The 
Femtosecond Pulse 

Laser applications in geophysics range 
from making hydrographic depth soundings 
to a myriad of types of spectrograph ic mea- 
surements on crystals and polycrvsinlliue ma- 
terials. Reducing the emitted pulse widih is a 
recurring need in many scientific laser appli- 
cauons. In determinations nf ocean bottom 
depth and of mean sea level by ait borne laser 
systems, a pulse width of one nanosecond 
( I0 - *) is barely sufficient to obiain the de- 
sired accuracy (± 30 cm). In crystal physics 
measurements, a pulse width of about one or 
two picoseconds (10” 11 s) is required. An ob- 
ject of these specifications is to be able to op- 
erate at the time periods of ionic and molecu- 
lar vibrations. It should be possible io study 
excitation and kinetic processes in a con- 
densed maLerial before they Itave relaxed or 
otherwise come to equilibrium. 

According to a recent study at Bell Labora- 
tories. researchers have now split the picosec- 
ond by producing an emitted-light pulse 
width of 30 femtoseconds tlG“^ s, during 
which light travels a distance of about 0.3 
pm) from a new colliding-pulse ring dye laser 
system (Physics Today, December 1982)! This 
laser uses nonlinear optics to 'chirp' the 
pulse, a technique something conceptually 
similar to techniques employed in geophysical 
applications of radar delay-line pulse genera- 
tors. That the production of a femtosecond 
pulse represents a 'real' stale of the art is evi- 
denced by the fact that such a pulse is un 
short to measure by conventional techniques. 
Techniques that in elTect ttsc the pulse m 
measure iuelf are necessary (Ultradiort Light 
Pulits, S. L. Shapiro, Ed., Springer-VerLig. 
New York. 1977). 

The chirping method of compressing mi- 
crowave pulses is done by superimposing .■ 
linear frequency sweep on the carrier fre- 
quency. The method for compressing piin- 
secunct optical pulses derives the same icsuli. 
but the chirping process to produce a lime- 
dcpetideiu shift of the carrier (rcqueiws is 
done optically. As achieved by llic Bell LiIjci- 
rainries group the system employs a nonlin- 
ear optical fiber. 

The process was first demonstrated a shun 
time ago in nonlinear liquids. In Lhese liquids 
. th e index of r efraction .changes in proportion 
M thf- Intensity of lighi bring transmit uvl. 
Tlte nonlinear reft active index term results 
when the electric field produced by very in- 
tense light is nf the same magnitude as the 
liquid's intramolecular field. Thus a light 
pulse consisting of an intense peak with lead- 
ing and trailing edge tails is 'self phase modu- 
lated.' as there is a time-dependent shift of 
the carrier frequency. When an optical pulse 
is coupled with several tens of meters of sin- 
gle mode o|>tical fiber, the pulse can be coin- 
pressed in time. In the radar-microwave anal- 
ogy the optically chirped pulse- is fed through 
an optical delay line consisting of a dispersive 
grating system that allows the high-frequency 
end or the pulse to arrive in time with the 
lower-frequency leading edge. This optical-li- 
ber and grating delay line system was initially 
described by H. Nakaisitka, D. Cirishkowsky. 
and A. C. Balatu of the IBM Research Labo- 
ratory (P/ivs. Rev. Leu., d7, 910. 1981). 

The mode-locked, dye-laser systems, in- 
cluding cavity dumping and autocorrelation 
techniques to measure the final pulse width, 
are now available commercially though they 
were unknown a decade ago. The colliding- 
pulse ring dye laser employed by Bell Labo- 
ratories is a new variant designed to enhance 
the mode-locking effect. 

The new systems are an attempt to meet . 
two basic requirements of laser applications. 
Htgh-power pulse widths that are extremely 
narrow in time provide the necessary preci- 
sion for airborne-laser tracking systems. They 
provide ‘the most intense way we have of in- 
teracting with condensed matter without de- 
stroying it,' according to C. V. Shank of Bell 
Laboratories (Phys. Today, op. cit.). The state 
rtf the laser art now stands at a 30 femtosec- 
ond pulse (hat has peak power in the C»iga- 
watl range . — PMB 


XANES: Solid State 
Mineral Analysis 

, Searchers in the field of mineral physics 
nave become aware of new analytical tech- 
niques for studying the electronic structure of 
sohos; one such technique is the X ray ab- 
sorption fine structure (XFAS) method, In 
bis technique the fine structure of the X ray 
-edge. For example, can be employed as a , . 
nucal probe of the intricacies of a crystal • 
structure (P. A. Lep, P. Hi CUrin, P. Eisen- \ 

err and B. M. Kincaid, Rn>. Mod. eUyy., 

S3, 799, 1981); !*- < ? 

A sirtiilar, related technique, X ray absorpr! 
uon neaoedge spe«rostbby;(XANESj f ia.i' ;. 
tauvely unknown i methba of-atddying Uie 


electronic structure „r solids. XANES is new. 
and due In its complex nature, data on all but 
very simple solids have not yet been applied 
rigorously. Among die first XANES icsulis 
on minerals is the recent study reported by 
Ci. Knapp, B. Veal, H- Pan. and T. Klippcr 
(Solid State Co>»»j. •/■/. 1343. 1982) on perov- 
skites. magucsiowiisiites. and other S a oxides 
in the zircon and spinel groups. The inter- 
pretation of these results is still semumaniiia- 
uve, being based on ground state and basic 
selection rule considerations. The results 
show, however, a strong correlation between 
near-edge spectra and crystal structure. 

XANES, a lower energy version of EXAFS, 
is concentrated within 30 cV of a given X ray 
absorption edge; in some instances ihe two 
techniques coincide. As described by Knapp 
el al., \ . . XANES directly probes unoccupied 
slates of the photoionized ion which occur at 
energies near the Fermi level £>.' This study 
found that the near-edge spectral patterns of 
the phases containing 3d elements were es- 
sentially identical within a structure tvpe, spi- 
nel. perovskite, rock sail, or zircon. The pat- 
terns were not dependent on the particular 
transition clement even (hough the K-edge 
energies differed by several keV. Further, 
there was no dependence on differences in 
the occupied 3d electron populations (d° to d* 
were compared), but this result was consistent 
with di|xj)c selection rules and was to be- 
expected. The spectra are most sensitive to 
empty p states (above E , ), but the- change in 
the number of d electi ons fot increase in 
atomic number would have little effect as 
well. The spectra are unusually consistent 
though, considering the range of cun, position 
ami siructuic. 

In certain spectra (here is some indication 
of band complexifies arising (ruin transitions 
in a p-tl mixed empty state. The case, p-tl or- 
bital mixing, results fium a Jack ol a ctfiuei of 
symmetry in icu.ihed rally coordinated 
groups. 

Hie icsulis nl’tlie st ltd v |»y Knapp et al. in- 
dicate that the XANES technique can be used 
to deduce the valence states of cations. Their 
local site symmetry and coordination number 
c an also be determined as characteristic. 

These results ate important, because applica- 
tion ul this new tech niq tic may pave the wav 
to determining the coordination of ions in 
complex mineral structures lor the first lime. 
Numerous cases exist in rather common min- 
erals where the coordination with oxygen of 
cations , cumins unknown «n points dctei- 
miued. The technique, like XFAS. requires a 
very large X ray flux. XANES studies may be 
among the lit si mineralngital studies to be 
dune with syiichotron radiation when facili- 
ties become available.— FMB 


Awards Set 
For Study Abroad 

Fulbright Program 

Senior Scholar Fulbright awards for uni- 
versiiy leaching and postdoctoral research in 
1 984-83 are available in all academic fields 
for terms of 2-10 months in more than 100 
countries. Applications and information may 
be obtained after April 15, 1983, on college 
and university campuses from the graduate 
dean, chief academic officer, or the interna- 
tional programs office, interested persons 
also may write to the Council for Internation- 
al Exchange of Scholars, 1 1 Dupont Circle, 
Suite 300, Washington, DC 20036 (telephone: 
202-833-4985). Please specify the country and 
field of interest. 

Deadlines for submission of applications 
are June 15, 1983, for American Republics, 
Australia, and New Zealand, and September 
15, 1983, for Africa, Asia, Europe, and the 
Middle East. 

The Fulbright program is funded and ad- 
ministered by the U.S. Information Agency. 

Research in India 

The Indo-U.S. Subconi mission on Educa- 
tion and Culture is offering 12 long-term (6 
to 10 months) and 9 short-term (2 to 3 
months) research awards for 1984-85. The 
fellowship program aims to open new chan- 
nels of communication between U.S. and In- 
dian academic and professional groups and ; 
to encourage a wider range of research activk 
■ ty between the two countries. ; 

The fellowships, without restriction to 
field, include a stipend ranging from $1200 : 
to $1500 per month, depending on academic 
and professional achievement and seniority; 
$350 per month is payable in dollars, with 
the balance pa|d in rupee*. In addition, an al- 
lowance is awarded for study and travel In j* 
India and for International travel. Long-term 
fellows also, receive an .inieriiatibnaEtravel al- : 
lowance fqr de pend ertts oF $100-3250 pet* 
nion ih, in !riipees,. for' de£eride{ila; and _a Sup-, 
plernentary research $lQ«aiiqe af,up ib ; r . 

; ,34,OOOhipefSi V 


Fur additional informaliou and application 
fot ms contact die Council for International 
Exchange of Scholars, -Aitc-minn: I ndn- Amer- 
ican Fellowship l'rograni, 1 1 Du pom Circle, 
Suite 300, Washington, DC 2U03fi (telephone: 
2H2-8S3-49N5), The deadline for application 
submission is July 1. 1983. 

The program is sponsored by the luclo- 
U.S. Subcnm mission un Education and Cul- 
ture and funded by the U.S. International 
Communication Agency, the NSF, the Smith- 
sonian Institution, and the Government of 
India. 


Geophysical Events 

This is a sum mat y of SEA\’ Bulletin, $( I ), 
January 3. 1983, a publication or the Smith- 
sonian Institution. The complete Ml. St. Hel- 
ens, O] Doinyu Lcngai. and Usu reports are 
included. The earthquake and meteorite hill 
reports are excerpts. The complete bulletin is 
available in (he microlkhc edition of Eos as u 
miimtidic supplement or as a paper reprint. 
.SiilKtiipiinns to the St AX tin lift in are also 
available. For the miirofiche, order docu- 
ment E83-0ft2 at 32.5ft from AGU Fulfill- 
ment, 2000 Florida Avenue, N.W., Washing- 
ton, DC 2tlftft9. For lepriuts, order SEAX 
bulletin (give dales and volume iuiiiiUt) 
through AGU Separates: 33.5(1 for one copy 
of each issue number for those who do not 
have a deposit ai count ; 32 for those who do; 
additional copies fit each issue number me 
$1.00. For a subscription, order SEAiY Hulk- 
tin from AGU Fulfillment. The price is 
318.00 lor 1 2 mom hi v issues mailed to a 
United States address: $28.0<i iL'.S.) if in. tiled 
elsewhere. Order must be prepaid . 

Volcanic Events 

Mi. St. Helens l Washington): New Mic ex- 
truded <111(0 composite lava dome. 

Kilaiien (Hawaii): Majoi eruption in middle E 
kift 2mic nun unit time. 

Lung Valiev K. alibinii.it: Seismicin declines; 
intense Janu.m swarm was accompanied by 
strains uf 3—1 ppm and uplifts of up to 7 
cm in cpiu'inra) area. 

El Chich>'<n (Mexico): Strong HjS emissions 
but no new explosions: cloud data to 76*N; 
iiiiiimijI Miniises and sini'.eis. 

I'araya i Guatemala): Minor Hank lava emis- 
sion. 

Saiuiagmti) (Guatemala): Occasional explo- 
sions: rockfalls. 

Cosia Rica: Temperaime and gas data ai 
Pois. Turrialba, and Irazti. 

Ol Doinyo Lcngai (Tanzania): Vapor and 
tephra cloud. 

Langila (New Britain): Several viilauiian ex- 
plosions per day. 

Matiam (Bismarck Seal: Little s’Qlcanic activi- 
ty; steady, moderate seismicity. 

Ulawuu (New Britain): Weak vapor emission; 
seismicity increases. 

Ruapehu (New Zealand): Summit inflation 
ends and crater lake temperature low; simi- 
lar pattern observed before hydrothermal 
eruptions in 1980 and 1981. 

White Island (New Zealand): Abrupt defla- 
tion. 

Saktirajima (Japan): Increased explosive ac- 
tivity, ash ejection. 

Usu (Japan): Decreased seismic activity; negli- 
gible ground deformation. 

Alt. St. Helens Volcano, Cascade Range, S 
Washington, USA (46.2Q°N, 122,18‘W). All 
times are local (GMT - 8 h). Increases in S0 2 
emission, deformation, and seismicity preced- 
ed a series of small explosions and the extru- 
sion of a new lobe onto the composite lava 
dome, the first since August 1982. 

The rate of SOj emission, which had re- 
mained very low for several months, tripled 
between measurements on Jntitiary 13 and 15 
and remained between 60 and 1 10 tonnes/ 
day through the end of the month. About 20 
small, shallow earthquakes were recorded 
January 17-18, but seismicity declined and 
remained at background levels for the next 2 
weeks. Heavy snow in the cratermade defor- 
mation measurements impossible on the S 
and E sides of the dome, but very slow accel- 
eration in the rate oF outward movement of 
the dome's northern side began in mid-Janu- 
ary. A few small gas and ash emissions oc- 
curred In late January. 

Gas monitoring on January 30 showed that 
SOj emission had increased to roughly iwice 
the rale of the previous 2 weeks, and S0 2 ' 

flux ranged ■ from 1 1 *70-260 tons/day thfoligh 
February 7, On January 31 a pronounced ac- 
celeration. Was pleasured. in the outward • 
movement of the northern side, of the dome. . 
Points On the western side of the dciine, usu- 
ally the area of most rapid outward move-' 
ment, showed little such. acuvity bUt Sagged 
downward several tens of centimeteri A 1 
' gradual, slight increase jh the number of seis- 
..! mic events' began' February .!> b'ui seismicity 
remained relatively weak, reaching aWut (be 
ley'el of thf J antiary 1 .7-rl 8%dvityj ' 


Al 2339 on February 2 and 0256 the next 
morning, explosions sent plumes containing 
small amounts of ash to about 6 km altitude. 

A pilot repurted th.il the cloud top wns at 8 
kin altitude at 0015 on February 3. GOES 
East satellite images showed the plumes mov- 
ing slowly inward the northwest. At 0430 a 
cloud about 150 km diameter remained cen- 
tered over the volcano, but it had begun to 
diffuse 30 minutes later and by 0530 had 
readied nearly in Puget Sound, about 100 
km from the volcano. Ash fall was reported at 
Olympia, near the S end of Puget Sound. 
During a predawn flight February 3, geolo- 
gists observed that the explosions had created 
a small nutch in the upper eastern flank or 
the dome. Within the crater the deposits 
from these explosions showed a complex stra- 
tigraphy. Rare brcadcrust bombs were found 
hi the top of the deposits. A laterally-directed 
component front one or both of the explo- 
sions melted smm on (he crater's eastern 
floor and wall, producing a mudflow that 
reached Spirit Lake. Tlte ash column from a 
thiid explosion on February 3 at 172H 
reached about -1.5 km aitiiude. This explosion 
enlarged the eastern (lank much to liU- 100 in 
deep and HU— 1 ()4l m wide. Delta million data 
of February 3 stud 5 showed toruituicd accel- 
eration of outward movement of the imtlli- 
ern side nf the dome, reaching 5-1 j ciiiMuy 
by February 5. Visual obscrvsitions .showed se- 
vere dcfoi illation of the eastern side of i he- 
donic. where a large wedge ol riMik just south 
of the notch had tipped up and out scver.il 
meters. Loutalilc seismic, events stopped Feb- 
ruary 5 and only events lypk.div associated 
will, steam emissions and n irk falls wcie de- 
tetieil during the next several davs 

Late February *» the USGS and the Univer- 
sity ol Washington issued art extended out- 
look advisory m it ice staling that an eruption 
was likely within tlte next week anil could in- 
clude static explosive activity. I'uor wear her 
pie ve tiled observations until about noon on 
February 7. when geologists observed the ex- 
trusion nf a new Jobe of lava horn die Moor 
ul the eastern Honk non h. It ails aimed main- 
ly toward the east, filling die imuti, anil h\ 
altciiioun had reached the ton of die tains 
pile at the base of ilu- dome. From the air, 
geolrigisis estimated that the new lube ext end- 
ed roughly I Oft in E-W and ,itj in N-S. A 
small explosion occurred from the dome ar 
1640 on February 7. 

Weather conditions prevented access to the 
uatet Im the next lew days, lull seismo- 
graph* vecoiileil tockhiU events, suggesting 
that the new lube continued to advance. 
Glimpses of the dome beneath low weather 
clouds February 14 indicated that lire new 
lobe was still growing. 

Information contacts ; Tom Casadevall, 
Chris Newhall, Donald Swanson, and Steven 
Brantley, USGS Cascades Volcano Observa- 
tory, 5400 MticArllutr Blvd., Vancouver, WA 
98661 USA; Steven Malone, Graduate Pro- 
gram in Geophysics, University of Washing- 
ton, Seattle, WA 98195 USA: Dennis Haller, 
NOAA/NESD1S, Camp Springs, MD 20233 
USA. 

Ol Doinyo Lengtii Volcano, N Tanzania 
(2.75 J°S, '3l.902 a E). All times are local ( GAfT 
+ 3 h). On January 6 at first light (about. 
0600), Philip Sunders observed a cloud of va- 
por and fine tephra, not present the previous 
day, emerging front the volcano. During 12 
hours of observation, the size of the plume 
gradually increased, but there were no audi- 
ble explosions- Clouds obscured the summit 
the next morning and no additional observa- 
tions are available. Ol Doinyo Lengai’s last re- 
ported eruption was Juiy-October 1967, 

Information contact: John E. Sanders, De- 
partment of Geology, Barnard College, Co- 
lumbia University, 606 W 1 20th St., New 
York, NY 10027 USA, 

Vsti Volcano, Hokkaido, Japan (V2.J3®N, 
N0.83°E). Seismicity and ground deforma- 
tion at Usu ended iri spring 1982, after 58 
months of activity. The monthly number of 
recorded seismic events had gradually de- 
clined since the major eruption tn 1977 (see 
SEAJV Bnttefin, 2 (8-9)), but retina ined above 
the background level through 1981, when ap- 
proximately 308 seismic events were recorded 
per month (sec SEAN Bulletin, 7 (3)). Ground 
deformation had also continued since the 
eruption. Tlte rate oF uplift of the crypto- 
dome decreased from about 2 cm per day In 
1 980 to about 0.8 1*1 1 08 1. Northward lateral 
movement of the northern flank Slso Conlin- 
ued through 1981. ■/ '■ ' ; . . 

In 1982, seismic acdvity decreased to the 
background level of about 10 events per 
month by April t 4Q6 evenls were recorded in. 
January, 231 in February, 79 in March, 10 in 
April, and' 11, in May. Ground deformation • 
| has been negligible, since Ajprit 19,82. . . ' . ^ 

. information canlaclrOfnce of Volcanic •* 
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Scientific Considerations 
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For conceptual and organizational clarity, 
the MIZEX effort has been broken into seven 
subgroups: remote sensing, meteorology, ice, 
oceanography, biology, acoustics, and model- 
ing. Some of tlie major problems and pro- 
posed work in each discipline are described 
below; more complete descriptions may be 
found in Wadham el. al. (1981); and Johannes, 
sen, Hibler, ft. al. (in press). 


shear nninial to the ice edge and disci g.-m ,• 
along die East Green bind |)ij|t Gutu-ui \j|. 
ZEX will also study aiuiinatkiii <il iucMi.il 
and tidal oscillatory mnlhm. 

Measurements planned include.- detailed 

Ulirlipt nf pImii<h» in . 


Ian i - 1 i -viiii »• if .. . . , . 


SI tidies nf changes in mass, tnikenii.iiimi. 
and floe size disiribiiiiuii, along with eucruv 

hllHopl .ii.J : ■ • 


cicui Hindi ..I .St,dl.,„d in c,,h , - ,,hc,lln 8 
me i ), i% hn ii dies : 
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budget observations and properties id hr 
measured both in situ and imcd tm jn„| ( - ,. v 
tensive laboratory analysis. Radar j n c.j| H .i l ,n^ 
techniques and satellite iiavigainm will lu- 

w - used jo study kinematics of the i.c diiit be hi 

Remote Sensing wnh an army id rlriffing bin os. In addition. 

Given the extent and inaccessibility of areas W:n \' ai . M 1 ‘ '**•' \ u 

affected by the MIZ. remote sensing is the S ab,allun ' lunpemrs will be 

only practical way of applying increased un- K ? KV i,h 1,11 ,in M 
demanding from experiments like MIZEX to 
long-term monitoring and routine prediction „ 
of ice-edge characteristics. Eddy-like structure Ucea ^graphy 

beerMhown hy ' LANDSAT image"(see mw) ice^f jT'ft ’ ‘ ° f U " f U,,pi ‘ r . ttW J,rrnsH 1 ,1 ‘‘ 

Similar images have been attained with mi- in i-nL” ,° ftei1 Wllb l;, W 1 haugrs 

crowave sensors (e.g. , Johannes sen Johimnessen ar* ,? per ? tI,re . bu gc lu iri/iHii.t I 

*- * ^ press,, !on«Z* 7 »™««™ ftrfil, 

of all- weather, all-season remote obsen-atiori nriS ? d 8 gewtmphii shear). and tapid 

IF MIZEX succeeds, for example, in provid X amS Uwt ^ 

inc reasonable nimnim _*■ Al limes, tlie MI/ coincides u-itli il<,. 
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, , . n ' 4 ' Oceanography Report 

Ifcfaa! pi-w! fa ph wiu t w rhtmral, grologirai. and iuo- 
lofpnl ort-fumgi.ipii,,,' * 
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Greenland Sea 
Ice/Ocean Margin 
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. succeeds, for example, in provid- 

ing reasonable estimates nf cross-edge heat 
and mass exchange in eddy or banding pro- 
cesses, i lien routine surveillance nf sucli fea- 
tures will provide much improved estimates 
01 large scaic heal and mass budgets. 

From !in pvruirii ooitinl i 
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. "i an experimental standpoint, remote 
l ,rov « « the overall view necessary to 

lllcnllfv suecifll fealiirnc (Vx- • _ . 
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Otico 1 HR* fundamental ol«iades to under- 

SE biSv" r‘ T tlli V n ‘ l hm * lenn cJ in«le 
i jrubihiy c.r jMil.tr and subpolar legions lies 

u knowing irltiii cmnuN the position and be- 
havior nf the Ijninidary between open and 
ice-covered ocean, the marginal ice 

i-1 iri " ,,U? c > vkf - Trianon in 

aV'S,s‘ ,,VC t n, f 0l ^nlduceau is ulxjut 
nf."'.' J5" 1 r °iigltlv 7'i c.r the total area; 

dm* ,t significant portion of the ocean is at 
«.me time during the year p.m of die MIZ 

li( » Z' wS? m * viL ' W ° , air ' 5K ‘ interne- 

e farMwii 15 ■* ' Cr > co mplex system; an i„. 

. , ' iKvan untl •Hi".. sphere with 

potentially extreme horizontal and veitical 
Iciiijirr.iiurc.. g.-ud™, ™ 

a-ck IS. »r eniirse, sea h e— it u H iili| in mo- 
S 7™ sr " frum Ihe atmospbei e; tlras- 
ft 1,1011 ? urfare albedo; serves as an effi 
cient thermal insulator; damps surface wave 
jnuti'in; and. because it is relatively fresher 
lan sea water, may substantially change both 
temperature and salinity structure in the np- 
PJhk, h i’ ™ el,m 8 or feezing. Sea ice i s P 

plble o?S e ]‘ n reS|, "" s * lo s,lrr « e w 'nd, ca- 
S iifLl '" 8 ' e,lSof ki!amc lers per day 

i l 1U n n PrCS r ,S a ne 8 ai|ve ««>rce of both 
wl. and heat that can be adverted long dis 

ImSf-”** '” ter “ maS5 boundaries by at- 
S?u Pl h .Sy?".* 1 ” 5, 11 is esli mated (e.g., 

ice ( A £ UC FramSs mT 

SSSSigF. 

; 
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J sss ^s=SSS : r. ? 
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in 

((-'■disciplinary nnijnl-i ni,n , l l,Cenia, ‘ t,na l. in- (h 

1,1,1 i.» the MlZ M p‘«!!? yi,, « spc ' w 

etinipre heasive effort . , P n ,,f a m °re r 0l 
annual how the Z 

margins relate foEt ft* ice ah 
(•ceatiiL rinulatinn - m05pacr tc anc 0 n 

re hienalno i5^ B ST cr - r N -- Air ' s «- pf 
"M*. »noubhsl,^ ^ pro 8ramr,ir ,he L 


- 1 ,.p ' : view necessary lo 

identify special features for intensive study. 
Because persistent cloudiness is anticipated 
microwave sensors (SAR. SLAR, and Passive) 
will be used extensively. Studies or ice defor- 
mation obtained by tracking identifiable natu- 
ral and artificial targets will complement buoy 
and transponder measurements, ’ 

here will also be a concei ted effort to 
measure a„d understand the effect 0 r chant- 
ig surface conditions in the MIZ un scatter* 
mg and emission properties. 


Aleteorology 


Tlie lower boundary or the atmosn] le i e 

52* ' h l] UZ C » an8es froni a mwfinic re- 
gime, wnh low albedo and moderate icm- 

.midi of the year, very cold regime. These 
changes, combined with dramatic variation in 
surface roughness, can impose large a radi- 
os in radiative Iluxes, in surface^ and 

nack'ice h'* , 1 ,,W * ,, 1 IC ««* '»«« Boxes. Over 
JU?.S ^i 5 ? ndary ,ayer is usually stably 

vected over the cold surface is stabilized with 

»S£-ssa?- 

considerable challenge but is^mi prCSent * a 

lie sounders dosetv i ,aun r ch,n gs. acous- 
arraw ,„n spaced ^rface pressure 

ssSSSii? 


. ••iwuiviitiim anti tiiiov.iti- 

ey flux. At Limes, the MIZ coincides with rln- 
surface inanifaiatbn uTa permanent, ocean- 
ic front (e.g., the East Greenland I'ular 
Front,, which may in mm be tied to 
graphic feature (the shelf break,; Inn ,.s is ,he 
case m many marginal seas and in most .if 
the Southern Ocean, the ice edge iiself often 
n,i S rati ng. oceanic fmi lla | 
zone. These fronts exhibit a variety of inter, 
esung features; eddies (see cover ligme ailt | 
Johan, msen. jolmnnrssen. el. al., in press), fi„ e 
structure (Paquette and Bourhe. JUHI|, jets and 
meanders. A summertime Soviet pn^'I ' ‘ 
the Chukchi Sea MIZ noted a jet, directed 

m,k". 

uvdv warn, ? „d sa li„ e „,„er I,,,,, , ,hc s'ul, 
and a lens or water freshened hy i ro melt 

drcul'ari ?n« UpWt * m * i,,Kl ‘ x,K;r mesuscak- 
circulations, appear in tlie MIZ; thev are 

! rr« Bhl JC tlnvcM ,J >' gradients in 

W bu °r**Y flux. The Chukchi ice- 
g jet mentioned aliove seems in fall j„ ,| l( . 
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i.idi.itimi Mil Ss lias also htrri suggested as a ' 
jMini.il % la. In, ,n Ilu- liniiutiim ol jee-edee 
bauds tl'.g.. Il',;,//,rfm v j|| p,,. SS ) 

Ah ambitious c« c an, .graphic measureiwni 
piogiain is planiieil f.,i i|„- MIZEX expert- 
luenis. m« hiding mii inn i.ieirr iimorina 

pth bniHMi. am limed .„,«i suspended from 
ilic- -sii. lacc: cximsiw liV'ii.igMphy from ship 
and lielKiipin: |>i, , tiling miieiii meter ssi- 
'c-ins; h, mud, ii v las,-, mi buleme iire-.isure- 
m, -NI,: cspeudalii, tc-uipriatiiie and vdodti 
pi(iiii-s; lug], li.qm-HM anni.sii, sniiiidiiiv; 
ami Doppi,-, an.iisij, „ M]i . 

'I(-|,I,, sim-iii ,,{ surface (and 

•■“ «■• i % is jilaimed. with 
, -V llr,, * ,s, ll «‘lil»-llls n| sin fa, ,* U-I, Kill on 

each sui,' oj th*- i. i inaigin. I lacei studies, 
hiuili hau- 1,1 nub 1,,-,-n nsnl to idcriiify rev- 
wh-iite limes ■,] siibsiu la, ,• wain nortliof 
Fi.iiii Si i, lit <0,ffi;N,/,7 ,/h. IWJ, will Ivn* 
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(1981) shows that over a third or tlie lotai pri- 
mary productivity in the southeast Bering Sea 
comes in die single mouth of May, coinciding 
with the ice edge bloom. Associated with the 
bloom is a concentration of marine ma mina is 
and birds at the ice edge, with some species 
adapted specifically to the ice-edge habit at. 
There are several competing hypotheses Tor 
the presence of tlie bloom, among them: (a) a 
benevolent environment furnished by a shal- 
low, high-nutrient, mixed layer stabilized \ )y 
meU water; and (b). increased nutrient levels 
associated with ice-edge upwclling. Recent 
work describing Lhe halocline of tlie Arctic 
Ocean (e.g., AagaarA et. al.. 1981) has empha- 
sized lhe role oF the broad Ait lie shelves in 
maintaining the cold, saline layer or water 
lhai separates the relatively fresh Arctic 
mixed layer from underlying Atlantic water. 
Presumably, modified shelf water up welled 
by processes at the ice edge could supply the 
needed elevated nutrient levels. If such 'up- 
welling is intermittent, the biological signal 
front each event may provide a 'memory' that 
is lacking in measurements of the physical 
properties alone. 

Biological measurements in MIZEX will in- 
elude phytoplankton biomass, plivtoplankiun 
species, nutrients, zooplankton biomass and 
diversity, and a variety of chemical compo- 
nents. 

Acoustics 

The acoustic climate of the MIZ is com- 
plex. Ice itself is noisy in the region where 
surface wave energy is attenuated by jostling 
and fracturing of ice floes. Ambient levels are 
highest at the ice edge but fall off faster in 
Lhe iceward direction, an effect attributed by 
Diachok (see Andersen et. al.. 1980) to much 
higher reflection losses at the ice- water inter- 
face compared with the open sea surface. 

The sound-speed profile is subject to large 
variations caused by frontal and eddy struc- 
ture in the MIZ; these variations degrade 
horizontal coherence of acoustic wave fronts, 
and therefore the performance of directional 
acoustic arrays. Since acoustic tomography is 
potentially an important Lool for measuring 
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Cover, LANDSAT image of the sea-ice 
Jr®* m the Greenland Sea. See The 
oceanography Report, this issue. The. 

reenwfch Meridian runs north from the 
fin® 01 corner of the image at about 
ov to the left of vertical. The eddy-like 
teature centered near 79°40’N. 3°E. is. 
roughly. 90 km across. To the east of die . 

e, meridian, warm surface water is ap- . 
parendy advected into the ice pack, while, 
icc and col<J wa i® r are. swept 
■ ard 9P cn water. Eddies along lhe mar- 
g at ice zone are not uncommon' in s^iel-; 
h*V^ a ® e , ry '. However, ih? feature shown 
- " Qt , a * ,,e * n it appears to' coin- ;; 
‘EmW V,tb ^ihjyineiric idep'reasipn j , . 
m/ Deep. (Photo • courier •• 

[^of N. Uitterateiner,) *. 


edcly structure in t! lc MIZ and because syn- 
optic ire- roughness majipiitg » possible by 
aenusue backscaiter techniques, it is minor- 
tarn to determine variability and piedktabili- 
tv ol sound-speed structure. 

Acoustic measurements in MIZEX will in- 
clude fixed and free drifting sonnhunv ar- 
rays, ambient noise including directional in- 
formation a tomography experiment, plus 
seismic reflection and refraction experiments. 

Modeling 

Credible models of MIZ processes across 
lhe whole range of disciplines is a major goal 
in lhe MIZEX effort. A |>ariinl list includes: 
sea-ice rudiaLiun. iherinixlynaiiiiLS, ridging, 
bt caking, and rheology; atmospheric and 
oceamc boundary layers; eddy generation; 
rontuget tests and niainienance of fronts: 
quasisLcady, mesoscale circulations in atmo- 
sphere and ocean; fine structure and cross- 
Fronial mixing; biological processes; internal 
waves; sound patit and acoustic tomography; 
and many others. 

hi addition to their role as end products, 
models will lie used prior to the experiment 
and in the field to optimize sampling strate- 
gies. 

Organization and Planned Field 
Work 

The experiment's basic organizational 
body, tlie MIZEX Science Group, consists of 
seven Discipline Chairmen' and nine ‘Nation- 
al Coordinator 1 assisted hy executive anil lo- 
gistics managers. The Science Group is re- 
sponsible Tor determining overall scientific di- 
rections and for serving as liaison between 
scientists and ttaiiuiuil advisoty ami Funding 
agencies. Two project offices and a logistics 
office have been established, publication of a 
newsletter has commenced, and a MIZEX 
Bulletin for prescm.it ion and discussion of 
scientific mailers is planned. 

The MIZF.X u.H field project is srliednlcd 
for June— J ulv 19X3, beginning in tlie Green- 
land Sea Hurt It of Svalbard (the precise 
ticn will depend on we conditions). The kc- 
sirengihened rescarrli vessel T<d<uh)»m will 
spend a Ik, in ii weeks on site. ImuiioiiiiiR (irst 
ns a ilriniug ice station and then pci lortning 
ineaM i rente tits in the region just sea war, I of 
the ice edge. Site will he joined tm about icn 
days In the kehrcjker l‘alat\terH for imijx.'i'a- 
live work it near the MIZ. The Norwe- 

gian f'olm [nsiiiine vessel inure will also per- 
form cooperative measuring piogninis in die 
vicinity. A iiumlicrnt fixed-wing ait craft 
from the United .States, Canada. Fiamc, Den- 
mark, and Noiway will cairv out remote sens- 
ing missions, and two helicupieis will aid sci- 
entists in ilepIuMiK til and sampling «i|h i,i- 
tinns. 

MIZEX 84 is a in licit larger project, with 
five vessels and numerous aircraft and satel- 
lite platforms on hand for most of the G-week 
field program in June-August 1984. One 
ship will serve as a drifting station within the 
ice pack for the entire experiment. Johnnues- 
sen, Htbler. et. al. (in press) describe the scien- 
tific plan in detail. 

Experience gained during MIZEX 83 will 
be used to design the 1984 experiment. Fol- 
lowing 2 or 3 years or data assimilation, there 
will be additional summer and winter experi- 
ments in the Greenland Sea. 

Operational planning for MIZEX 84 is un- 
der way and will he completed at a meeting 
in Brcmeriiavcn, Federal Republic of Germa- 
ny, in November 1983. Discipline workshops 
will be held Lhis spring to encourage input to 
lhe planning process front all interested sci- 
entists. Specific plans or suggestions should 
be discussed ns soon as possible with the disci- 
pline chairmen or national coordinators, 
whose names and addresses and information 
on administrative matters may be obtained 
from Dean Horn, MIZEX Executive Officer, 
Arctic Programs Code 425AR, Office of Na- 
val Research, 8G0 N. Quihcy Street, Arling- 
ton, VA 22217 (telephone: 202-696-4118,. 

The major (J.S. sponsor of MIZEX is the 
Office of Naval Research with support from 
the National Science Foundation and the Na- 
tional Aeronautics and Space Administration, 
Other sponsors include: the German Polar 
Institute, the" Norwegian Polar Institute, Bed- 
ford Institute of Oceanography, the National 
Environmental Research Council of Canada, 
the Canadian Center Tor Remote Sensing, 
and the British Meteprologica] Office. 
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News & 

Announcements 

Mysteries of 
Bottom Water 

Orean Ikhioui water lias liisnnicallv repre- 
sented .1 oiiistaiii phtskal emiiv to it tost geo- 
physicists. The ocean flout lias long been 
modeled as a classic isothermal, scini-infiiiite 
sut face iit gcujiitysical calculations. Peter 
Rliines of Woods Hole Oceanographic Insti- 
tution recently said about die subject of hot- 

walei, 'Uesc all I, ten iiaineil u, imagine' 

that the deep ocean is steady. . . . It's nut su 
much a belief, hut a practice dial became a 
way of Levelling* [Science, November 12, 

1982). 

It is now becoming well known that, over 
thousands of years, bottom water is nut as 
stable as once thought. Large bodies of cold 
water are noL really stable over even a dec- 
ade. The large bodies move, the water itself is 
renewed, and as a result, the temperature 
and salinity of ocean bottom water changes 
regularly. New data point to a less limn 
steady state condition for lhe water at the 
ocean bottom. 

It has always been assumed, and recently 
documented, that the deep sea communicates 
chemically and thermally with surface water. 

The surface water is mixed by cnrrenL action 
and weather effects also can be translated by 
deep ocean circulation patterns. A rather im- 
portant concept that now has become suspect, 
however, was that boiLom water remained un- 
changed in spite of being replaced regularly. 

If the temperature is not constant in time, an 
important boundary condition for many geo- 
physical models is violated. Tlie heat-flow 
vector can be affected and thus the thermal 
history of the interface must be modeled ac- 
curately. The new studies of deep ocean wa- 
ter could offer the possibility of constructing 
such a model. 

R. A. Kerr recently discussed the North At- 
lantic dat a of the TranslL Tracers in the 
Ocean (TTO, program, which were present- 
ed at the Ewing Symposium in OcLobcr 1982 
and a recent analysts of temperature and sa- 
linity observations along 36*N and 24°N lati- 
tudes. He said, This water was definitely dif- 
ferent, which ran counter lo the assumptions 
of tlie past 100 years of oceanography, This 
first, detection of changes in the presumably 
immutable deep sea should aid die under- 
standing of how the ocean manages to. renew 
the water of even its deepest recesses. ' (Sri- 
w«t Nov. 12, 1982,. 

The studies being done can continuously 
be updated and can make reference to the 
surveys made during the international Geo- 
physical Year (IGY) in 1958. The TTO pro- 
gram is a broad study to track the depth pen- 
etration pf products 1 of nuclear fallout, aero- ; 

; sbl propellants, and the like in the, octtni. 
Temperature and salinity data obtained. dur- 
; hig TTO cruises in the North Atlantic indi r •' 

" rated that all water deeper than a Few hun- 
dred meteh north of 5p°N latitude add south' 
of Iceland has become a few parts, per thou- ’. 
sand jess saline, and a few Lemhi of a degree 
colder, .These data are santplbs df walCr that 
: originates from the LabOradQr,: Greenland; ; 
j and Norwegian Seas and enters into die deep- 
Atlantic/; , . ; .>:••• 


The survey along 36°N and 24“N followed 
the tracks of IGY surveys. The water at 
depths between 500 and 3000 ni has become 
warmer by tenths of a degree Celsius. But 
above 500 m and deeper than 3000 m, ex- 
tending to the ocean floor, the water was ob- 
served to be colder. How these changes might 
be related to those found in tlie North Atlan- 
tic is nm known. 

The changes observed are small relative to 
changes tliaL drive ocean circulation. None- 
theless their magnitude must be known and 
their trends plotted accurately in time. Poten- 
tially also there could be a great deal 10 learn 
Troni these findings about the interaction be- 
tween die atmosphere and the ileep ocean. 

—PMB 

Laser Sounding 

Hydrographic surveying along the coastline 
must be done frequently because ocean bot- 
tom topography is under constant change. In 
a recent discussion in Naval Research News. 

M. B. White of the Office of Nava] Research 
compared the traditional shipboard acoustic 
sounding method with the new Hydrographic 
Airborne Laser Sounder (HALS, Ijcing devel- 
oped for the Navy and the National Ocean 
Survey. The shipboard system can be de- 
scribed by two words: slow, costly. According 
m u recent summary of White’s discussion 
(Lasers & Applications, December 1982), the 
Defense Mapping Agency, which produces 
most civilian and military charts in the L'niiol 
Stales, now has a 200 ship-year kick log. I he 
new HALS system will he fi times less expen- 
sive to u|»craie and 100 times faster. The 
questions remaining now arc related to the 
ivpe or airborne laser system that can jier- 
lorm the task, in a held of rapidly (.hanging 
technology. 

Sounding the bniiotn .iking coastlines can 
I* done elfiriemlv I nr a small, fixed wing air- 
craft i.itrviiig a siaie-nf-tlie-ai t laser system 
iIwl weighs ahum (if 10 kg. As an aircraft Hies 
along an electronically positioned grid sys- 
tem. a laser emits pubes in the visible light 
region. The pulses tire reflected built from 
the uccan sin lace and hotloiu, the difierente 
being the slant depth. The time delays of the 
tiro reflected pulses must be riKNi.su led with 
extraordinary precision. To achieve a hvdr,,- 
graphic depth uccmao of ± :«i mi the lem- 
P'lral laser pulse n idi It imisi l,e on die nrclet 
of about a nanosecond. Fm civilian require- 
ments a repetition rate nl approximately 41, D 
Hz is acceptable. There are several categories 
ol laser-solid state, metal-vapor, and gas 
types — that can meet the requirements. The 
types described by White include solid state 
green, copper-vapor, eximer. and LFV- 
puuiped (ciseix. 

The lasers are new, and tlie techniques to 
make them perform are being updated regu- 
larly. For example, the solid-state neodymi- 
um-doped yuriinn aluminum garnet (Nd: 

YAG, laser normally emits a continuous, 
rather than pulsed, beam in the near infrared 
region. For hydrographic sounding the fre- 
quency of the output is doubled, the cavity is 
Q-switched to emit pulses, and the pulse is 
narrowed by a cavity dumper. Other solid 
state lasers now being tesLed can be tuned to 
emit over a range of wavelengths. 

Whether of die solid stale or (for higher 
repetition rates, gas medium type, the new la- 
sers employ mode-locking principals. These 
systems employ state-of-the-art techniques 
such as cavity dumping, tunable dye laser in- 
termediate stages, and other methods to 
shape the pulses to a nanosecond or shorter 
width. For example a high-Q resonant cavity 
is placed in the system, and pidses are stored 
until a sufficient peak intensity is achieved. 

Fast "dumping" or release systems are used 
to extract very short pulses. 

Tlie color ranges required for hydrograph- 
ic purposes are in the blue-green (deep 
ocean) or longer wavelength (shallow waters, 
spectrum. At green to yellow-green wave- 
lengths the clouds algae-laden waters are rel- 
atively dear. Of course, tunable lasers are 
used, but there are a number of other Inser- 
spectral tricks to produce pulsed output in 
the vicinity of 500 11 m. For example so-cnlled 
wavelength conversion methods such as em- 
ploying successive .'Raman -effect upshifts or 
downshifts can be efficient For gns laser sys- 
tems. 

The hew systems will begin to be operative 
in the mid 1980‘s, A new variety of lasers are 
to become available at that time for an Instant 
upgrade . — PMB 

Ocean Data Tapes 

Magnetic tape copies of the two data sets . 
used 10 prepare the Southern Ocean Allas ( Eos , ' 
August 3, 1982, p. 595) are available from 

(he National! Oceanographic Data Center 
(NODC). , / ; 

The atlas <^ata let. is a screened and edited 

nf ni/flcrtftranUtr* «tmUt« .IhIm &L. a L 1 I ~ ^ . r 


S reduced by. Interpolating thq hydrographic 
ata iq the points of a circumpolar grid sys- 


tet of hydrographic a lotion data that Includes 
6,313 stations. The grid point data set was 

S reduced ty interpolating ihq hydrographic 
ata to the points of a circumpolar grid sys- 
tem between, 30*S.and 80*5 with 47 standard 
levels in d(e vertical direction, ' , 

Data tapes cost $1 10 for each set For addi- 
tional lnfom,atipn. contact NODC, NOAA/ 
NESDtS E/OC2I, 2001 Wisconsin Avenue, .• 
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Earthquakes 



Time, 

(GMT) 


Jan. 8 
Jan. 17 
Jan. 2-1 
Jan. 24 


Magnitude Latitude 


IS.24°S 

38.09^ 

IG.28°N 

!3.00°N 


Depth 

Longitude of Focus 
~mA0TW shallow 

20-I9 b E 9 km 

94.98°W 58 km 

93.04°E shallow 


Region 

Tonga Islands 
Ionian Sea 
southeastern Mexico 
Andaman Islands 


Information contacts: National Earthquake 
iiervicc - UA Geological SuTJey 
Stop 907, Denver Federal Center, Box 25046 
Denver, CO 80225 USA. 


Meteoritic Events 

^Meteorite Tall: Tennessee, USA, January 

alww^i n! 1 . 1 . Trancm. USA 
(3S.80 N, 8-1.01 W). A brilliant fireball ™ 

"Tr' ,h „' Tennessee, area 

early January 28 On January 29. a resident 
of Maryville, 30 kin S of Knoxville, found a 

'ZZ' 1 - " 3 reccn, b' iotincdcrater. 

lltccqi.ithmensionai and roughly softbil- 
sizetl meiehriic had a mass of 1,443 kcr 1 

rh c - andi ' 

“ tii, in | mm thick. Lawrence Tavlnr rc- 
J*‘ rlK, 1 ,,ial classification work was in pro- 
gress, inn the meteorite appeared to lie an 

c:^':'"; c :r ,c,,ri '' - kn ™ n - 

Information tomans: Ijitm-nce Taylor 

o| Sciences, UnivJwi. 

v Jl I ci " lessee, Knoxville, IN 37910 USA. 

Methane Ocean 
On Titan? 

CT*KSSE!iteS' 

^SSSSHF 


. exist alt over Titan's surface: it should unless. 
' ? ey ™ n L cl,ide - ll,ere is the 'distracting coinci- 
dence [that] ... the position of the surface of 
Than [«]•.. near the liquidtts in the CH 4 
phase diagram [and, consequendy, there is] 

m nTm™' 1 '™* ocea " al a,i ' 

We know very little about Titan and its sur - 
‘ 3ce; ,he . wa >’ of checking into Sagan and 
Dermott s ideas appears to rest on the inter- 
pretation of radar reflectivity data. Prelimi- 
jfflry attempts, 0 obtain radar data were made 
in 1979 with the 305-m Arecibo telescope, 
but only broad limits resulted. The next op- 
portunity for a measurement at Arecibo 
comes m the 1990‘s. Of coune. the ideal cir- 
cumstance would lie to send spacecraft 

,Tn£y Wilh a radar reflectome,er ** « Ti- 

t J?5 ° f l ! 1C c rca,ons ,l,al calculations of the 

.S Is vl ? agan et a 1 an >' ield r «» |ts of 

«.di uide variance a deep methane ocean 

constant^ fn t 3 U,S lhSt ,lie a8lr °ooitiicaJ 
constants for Titan upon which the geophysi- 

w cakulations are based are not weH enough 

ST- ed i \ hcy are ‘ h0 -«w. many Z 

wLe a 8 f dC ,et,er fielerniinetl than they 

52! f ycars a 8°' Mon tf >e United * 

States space exploration program. The values 

™ ,r d e ,, 0U gh ,0 „ mk P Z ZZZS** 

could not be aid CV en 10 year, ago'. "' Ch 
The factors about Titan's physical fimire 

SSfb ' 'T U - SaS ^ a **W?ai n l>K 

sphere to produce a class S( 

*1. he arguS, 1 ‘ ro ” ^ h Hi k a n,C S °'- 5 

■ 


autogenic matter seems to In .hi. 1 1„ 

Jems of doing geophysical « alt trial ion, on | j 
tan stem from faclors such as the u.imir ul 
_ Titan's orbit and whether nr not Mt.m's mu- 
rior has relaxcil in its lifetime m ,i m.u,. ,,| 
near-hydrostatic equilibrium. I ii.ui has a 
_ comparatively high orbital « mill i ( in - 
0.0289), and it is not known >ci wtuiliei 1 1- 
tan is in synchronous rotation, 
o Keeping in mind that Titan's density riiMi ,. 

oution (the mean density of Titan is L8« 

“ ®J! I 8 cm_J ' B - Smith fi al., .V, /«■„„■ 2 / \ :»n | 

1982) is not known, anil that vat inns Un Hs ' 
- such as Tuan’s solid-body and {liiiii-.xe.in (it 
s. there is one) rigidities arc also unknown. Sa- 
p n ei al - describe (lie difficulties that arise 
11 rpn ™ known values oflitan's ecmini. iiv. 1 1- 
tans orbit is far from being cimil.tr. and the 
nme constant (I’j fur the decay «>t an rc« ni- 
tric orbit used by Sagan el al. is 

P *= 2/21 (A/g/Af,) (J/„a - 2 

where A/ f and M, are the masses of Mian and 

ST: ° 1S J- ,e scm ! nia J , » r «» «! l it. in's ot- 
b«. R us radius; and », K 2 and () the . riii, al 
unknowns: the mean motion, the Love n.im- 
ber and ‘he specific dissipation fuiidion, i C - 

4 P fi h nf y ' T ° haVe 3 deca >' '"lie of less than 
4.6 billion years (presumably the age of the 

Jhin r ffi em t?' “ lun,s «“■ “Hist be giealei 

in 'T of r eC,J OCCJl11 «* | nph:iHv i liver- 
mg Titans surface. 

Sagan et al. note that Titan's rotation is 
such dwi one sector or its surface is directed 
toward the empty focus or its orbit. I I, e iUh| 
bulge .^ directed toward Saturn, and . , , ' 

£ r bteS aC [ 0SS the They Z 

e™nTr u "- S 

gssS' 

sem S (lt ' Cper l , an I0U m. The |„e- 
ocean deeper than 4(g) ni.—/»A/fl 


meteorite Find 
Yields Carbon 


I ii the new i ,|, ||| 
m Ailf.iii n. 
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See your slogan on an AGU 
T-shirt. 

Submit your slogans wilh or wifhoul 
pictures. To be considored, slogans 
must bo the original work of the 
subminor. The slogan must be 
related to one of the disciplines of 
Interest to AGU or to geophysics 
generally and, of course, must be in 
good taste. 

Final camera ready artwork Is noi 
required 

Send your ideas along with your 
name, address and phone number 
to: 

American Geophysical Union 

2000 Florida Avo. v N.W. 

Washington, D C. 20009 i 
Attention: T-shirt slogan 
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Advances in Geology of 
the Porphyry Copper 
Deposits: Southwestern 
North America 

S. R. Titley (Ed.), The University of -Arizona 
Press. Tucson, xiv + 560 pp.. 1982, ?35.(I0 

Reviewed by Stephen E. Kesler 

This book summarizes recent advances in 
information on the porphyry copper deposits 
of southwestern North America. It is a sequel 
to an earlier summary volume published by 
the same group in 19G6. The new volume is 
indispensable for anyone interested in copper 
deposits and a valuable reference for those 
working in fields ranging from the petrology 
of silicic igneous rocks to the tectonic evolu- 
tion of western North America. The volume 
is particularly significant because porphyry 
coppers are by far the most important class 
of deposits in terms of global copper reserves 
and, most importantly, because southwestern 
North America contains an unusually large 
number and variety of diese deposits. 

In using this volume it is important to keep 
in mind that IG of die 27 chapters were writ- 
ten largely or entirely by geologists from in- 
dustry whose firsi responsibility is to explora- 
tion and production rather than to research 
and publication. It is no small task fui these 
geologists to obtain management permission 
to write papers about their deposits oi , in 
fact, to find lime to write. It is an even tough- 
er job lo coordinate a volume such as this 
with contributions from academia, industry, 
and government, and we can lie grateful ii> 
editor Spencer Tilley for ids commitment to 
this project. 

The volume is divided into two parts. The 
first part contains 13 articles on selected 
topics in porphyry copper geology including 
general studies of the grade, tonnage, and 
economics oi worldwide porphyry (.upper de- 
posits as well as more specific, southwestern 
Noi lit America-oriented papers on the geo- 
logic setting of the dc|xuiis; their thermal 
evolution, fracture, and dike patterns; alter- 
alien mine] n logy, chemistry, character, and 
evolution; associated ska rn alteration and 
mineralization; leached cappings; and geo- 
chemical exploration techniques. This set lion 
also includes more specific papeis on primary 
ulelal dr.pci-.iwii hal.ies .Mound tin K.tLim.i- " 
zoo deposit, the geochemistry of sulfur and 
copperai the Ray deposit, and the petrology 
of the Ray igennus rocks. Much, though not 
all. of the information in this section has ap- 
peared in prim previously, so the value nr 
these papers must lie in their success in draw- 
ing new and useful conclusions. Particular 
success along Litis line is seen in die chapteis 
on alteration mineralogy and on leached cap- 
pings. The second section includes IS papers 
on deposits that had not been described pre- 
viously m any detail or fiir which significant 
new data had become available within the last 
ciecatie. The papers in ibis section vary wide- 
)’ m quality, but all provide at least a basic 




geologic framework lor the deposits. Particu- 
larly commendable in this section are the at- 
tempts that have been made to provide infor- 
mation on the relation between copper and 
molybdenum grades and related geologic fea- 
tures. Comprehensive descriptions such as 
ttiLS are necessary if we are lo develop truly 
realistic genetic models for these deposits. 

Considered in its geologic and editorial 
context, this volume cannot be criticized to 
any real extent. Its broadest shortcoming, the 
t ailure to propose genetic models for the pro- 
cesses and deposits that are discussed, is actu- 
ally a realistic reflection of the extreme enm- 
plexuy of these deposits and our still limited 
research progress on them. The lack or a 
chapter on geophysical exploration methods 
lor these deposits is in part made up for by 
information in die recently published 75th 
anniversary volume of the Society of Eco- 
nomic Geologists. Typographic and illustra- 
tion errors are remarkably scarce. 

Hus volume will no doubt remain a valu- 
able source of data for students of late mag- 
matic mineralizing processes for many years 
to come and, it is Einpcil, a starting point for 
a third, and final (?) summary volume near 
the end of the next decade. 

Stephen E. Kesler is with the Department of 
Geological Sciences. Umvenity of Michigan. Ann 
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New Publications 


hems listed in New I'u Mirations ta ,i be 

ordered directly from die publisher; ilicy arc 

not available through AGU. 

Astronomy and Astrophysics Abstracts, vol. 3 1 Lit- 
erature 1982. Pan 1, S. Bohme. W. Frick© 
H. Hefele. I. Heinrich. VV. Hofmann, D. 
Kralin, V. R. Matas. L. D. Schinadel, G. 
Zech (eds.). Springer- Vcrlag, New York 
1982. 

Cartographic Drawing with Computers, P. Yoeli, 
Computer Applications Special Issue, vol. 

8, Department of Geography, University °r 
Nottingham, Nottingham, U.K., viii + 137 
pp- 1982, $12. 

Chemistry of the Unpolluted and Polluted Tropo- 
sphere, H. W. Georgii and VV. Jaeschkc 
(eds.), Proceedings of the NATO Advanced 
Study Institute held cm the Island of Cor- 
fu, Greece. September 28-Ouolicr 10. 

1981, D. Reidcl, Huston, ix +■ 509 no 
1982,363.00. 

Earthjire: The Eruption of Mount St. Helens, C. 
Rosen feld and R. Cooke, MIT Press, Cam- 
bridge. Mass., vix + 155 pp.. 1982. 325.011. 

Electromagnetic Sounding Interpretation Data 
Oivr Three-Layer Earth, R. K. Verma. I FI/ 
Plenum. New York, nil. I. x + 33N pp.; 
vol. 2, v + 5-16 pp., 1982, $105 each. 


Ferii/iiation of Dryland and Irrigated Soils, J. 
Hagin and B. Tucker, Achwnced Series in 
Agricultural Sciences, vol. 12, Springer- Ver- 
lag, New York, viii + 188 pp., $39.50. 
Fortran Program for the Computation of Gravi- 
metric Quantities from High Degree Spherical 
Expansions. R. H. Rapp, Report 
334, Ohio State University Department of 
Geodetic Science and Surveying. Colum- 
bus, iv + 23 pp., 1982. 

Geological Evolution of the Earth During the Pre - 
cambrian, L. J. Salop, translated by V, P. 
Grudina, Springer- Verlag. New York, xii + 
459 pp- 1 983, $65.80, 

Geology of Offshore Ireland and West Britain, D. 
Naylor and P. Sannon, Graham and Trot- 
man. London, 1982. 

CM Atlas of Sea Surface Heights Basest on the 
Adjusted Seasat Altimeter Data, R. H. Rupp 
Report 33, Ohio Slate Lfnivcrsity Depart- 
ment of Geodetic Science and Surveying 
Columbus, v + 63 pp., 1982. 

High-Pressure Research in Geophysics, S. Aki- 
muto and M. I [. Manghnani (eds.), Ad- 
iwices m Earth ami Planetary Sciences, vol. 

12, D. Reidel, Boston, xiv + 632 pp., 1982. 

Correction 

The price of Evaporation Into the Atmosphere; 
Theory, History, mid Applications, by W. Brut- 
sacri, D. Reidel, Hingham. Mass., was incor- 
rccily listed in Em, Dee. 21, 1982, p. 1223; 
die correct price is S3- 1.95. 


Antarctic Research Series 

The An tare he Research Series is devoted to ihe publication of papers resulting from the intensive research 

work being done in the Antarctic. Published since 1964. every major physical and biological science is 
represented. 

Volumes in the series are directed not only to specialists actively engaged in the particular areas of research 
but also to graduate students, to scientists in closely related fields, and to interested laymen versed in the 
biological and physical sciences. 

Send for your Free Catalog listing all volumes 
■ published to date, plus volumes soon to be released. 

Ask for the catalog of your choice, physical sciences 
. ; titles, biological sciences titles or both. 

American Geophysical Union - 
2000 Florida Ave .> NW 

- ■ Washington, D.C. 20009 ,, ; 

or call toll free 800-424-2488 
202-462-6903 in the Washington, D,C. area. 

Published by American Geophysical Union with the aid of a grant from the National Science Foundation 
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additional Insertions $2.75 Student Opportunl- 

Adas.*/* 1 *?? er don. not otherwise announced, Tree. 
Additional Insertions $1.50. 
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1: . r § ed , r , al general advertising rates. Eos is pub- 
w Ji wcc % on Tuesday. Ads must be received in 
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D-C arM 2-1-2488 0r 462 ‘ 6003 I" die Washington. 

POSITIONS AVAILABLE 

J^^.PcwidooBm^exeJ Univenlty. The Depart- 
a] ODeninn^r “l Atmospheric Science has sever- 
tv afnM uS f or hoth '’Siting and tenure track facul- 
1, 1 ™ starling In the fall of 1983. Applicants 

me nr uaching and rcseardi interests in 

22* W® “ r Jhr« areas in tl,e Department: 
m'H'™ Science— mesometeorology, satellite 
s X” . Dgy ' and rcrnQlc “ nsin 8 of die aimo- 

owhKffl”'": PHYSICS— biophysics, quantum' 

° P HEOB^ e in, a , nd ” 1,d slaU! P h V*ta; 
midS’^ L PHYSICS-atonpc. molecular and 
3yS| hyiKS ' Wlum optics and nonlinear 

ittim— P. e,;8ons should send resumes and the 
TeferencM an ^ ^P*i°W. numbers of three 

'DeoBrim^n. ^p^IP^n Newstein, Acling Head •. 
u epartment of phvs n and Kdmr. 


Postdoc (oral Position in Physical Oceanogra- 
phy, A postdoctoral appointment in physical 
oceanography will be available beginning Septem- 
ber, I9B3 In ilie College of Marine Studies, univer- 
sity or Delaware, Newark, Delaware. The initial ap- 
pointment will be for one year with probable exten- 
sion for a second year. Hie salary will be $20,000- 
$24,000 per year, depending on experience. Funds 
for the position will be available largely from a 
gram by NSF Tor conduct and analysis of a field ob- 
servational study of 1 he shellbreak front In the Mid- 
dle Atlantic Bight. 

The person obtaining the appointment would be 
responsible for a portion of the planning and exe- 
cution of ihc field study, much or die siibscquent 
data analysis and interpretation, and teaching of 
one graduate level coiirse'in physical oceanography 
each year. The successful applicant must have re- 
ceived the Ph.D. in physical oceanography or a 
closely related field by die starting date of his ap- 
pointment. Preference will be given 10 applicants 
with direct experience in field observations. 

To apply send n complete resume and die names 
of three references to Professor R. VV. Garvinc, Col- 
lege of Marine Studies, University of Delaware, 
Newark, DE J971 1. (Telephone! (302) 738-2169]. -• 

The University of Delaware Is an equal opportu-' 
nity/affirmailvc action employer.- 

Upper Ocean Physical Modeller. A postdoctoral 
position in upper ocean equatorial modelling sup- 
ported by NSF is available in die Mesoscale Air-Sea 
Interaction Group at ihc Florida State University, - 
Minimum salary Is $2l,OOQ/yr. Qualified Ph.D. 
should send vita and names of 5 references to Pro- ; . 
fessor James J. O'Brien: The 1 Florida Stale Universi- 
ty, Tallahassee, FL $2306, or call (904) 644-4581. 1 

University of Nebruka-Uncolii/G^ology. Seek 
tenure-track Assistant Professor in general aiea'df, : . 


Assistant Professor/Unlversity of Alberta. The 
Department of Physics at the University or Alberta 
invites applications for a tenure track position at Ihe 
level of nn Assistant Professor in Physics in any of 
die following areas: 

1. Astrophysics and Astronomy; 

2. Geophysics (Elect roraagnedc methods); 

3. Theoretical Physics (Medium Energy, Parii- 


The 1982/83 satin- range for an Assistant Profes- 
sor is $2 7, 720-$39 ,820 per annum. 

Applications will be received until May I, 1983, 
and ihe expected appointment date is July ), 1983. 

The Department of Physics offers both under- 
graduateand graduate degrees in Physics and Geo- 


H S^P at i Newstrin. Acting Head 
Partment or Physics and Atmospheric Science 
: • ■ rtrexerum'versln> \ ' • . ' ' 

Philadelphia, PA .19(04 •• 

I; DrexM il.- (815) 8^5-2707. .: , 

Ajlve aBS^W* °PWHvnlty (tad * 

V-.-i ' i;.-. ' • ' ’.''y, j • 


■ ranged to rtficci speuaiiy oi sulccmiui uppucani. . 
Teach two courses per.se rp ester.’ Requires Ph.D. 

: aqd stroifg commitment Lo excellence in leaching. 

. and rcscarch/publicdLion. .Mlnimuni salary $20,000. . 
Apply, by March Si 'with, application' letter, vita, 
transcripts, and names of three references to Chair- 
man. DopSrtihent of Geology, University of Ncbras- 
ka-Xini^un, Lincoln,- Nebraska 68588-^)340, > 

' AJfirjnatlvo ^ction/^q\ial dppgripnll^ Employer. 


K - The Department currently Consists of 47 
Members, 36 Research Associates and Post- 
Doctoraf Fellows and 50 Graduate Students. 

Candidates interested In applying should submit a 
curriculum vitae plus the names o "three (3) refer- 

e “ lo: Dr.A.N.Katnal 

Chairman 

Department of Physics 
University of Alberta 
Edmonton, Alberta, Canada 
T6G2jl 

The Univenlty of Alberta is an equal opportunity 
employer but, In accordance with Canadian immi- 

S ration requirements,- priority will be given to Cana- 
ian citizens and permanent residents of Canada. 

Postdoctoral Research Associate Position i/Johns 
Hopkins University, Applied Physics Laborato- 
ry. . Positions are available for studies of planetary 
magnetospheres; and for studies of earth magnelo- 
spheric and auroral physic*. Selected candidates will 
participate in the analysis and interpretation of data 
obtained from deep space probes (Voyager), or par- 
•llclo, field, and atmospheric emissions data from 
Mrth orbiting spacecraft.. Posit Ions: are one year re- 
newable opportunities with flexible starling dates. ■ 
Applications should be addressed to Mr. Stevnn F. 
SfPF; Ifepartmeni LER-aja-TheJotins Hopkins 
Univenlty, Applied Physio, U bora lory, jdhns Hop- 
kitu Road; Laurel, MD 20707, 1 '• J ... • 

|An Equal Opportunity Employer M/F. ' ... . ' . ; 

Facility PtwMons/The University of Ipwa. Thte 
Department oF Physics and Astronomy anticipates' 

nnr nr Iwn niwmnU fnt- la'hi.M.inrl. >— 


1983. Preference will be given 10 experimentalists in 
any area for ihe tenure-iRKk positions. Current re- 
search interests include astronomy, atomic, con- 
densed matter, elementary particle, laser, nuclear, 
plasma, and space physics. The positions involve un- 
dergraduate and graduate teaching, guidance of re- 
search students, and personal research. Interested 
persons should send a r£sum£ and a statement of 
research interests, and have three letters of recom- 
mendation sent to Starch Committee, Department of 
Paynes and Astronomy, The University if Iowa. Jcun 
City, M 33242. 

iTie University of Iowa is an equal opportunity/ 
altinnauvc action employer. 

Posldoa In Petrology/Rice University. Houston, 
Texas, The Department of Geology has a tenure- 
irack opening beginning July 1983 with starling lev- 


csubliih, or continue a 


uumun, or continue a vigorous research program 
in petrology and to participate In teaching in mlncr- 
alogv-peirology. Research areas in which we are po- 
tentially Interested Include: Igneous petrology, 
metamorphlc petrology, ore deposition, experimen- 
tal petrology, inlcntclToiU of fluids with rock* and 
Kdlmenta, uolopc geochemistry, but other special- 
ties are not excluded from consideration. Available 
research facilities of Die Department include: elec- 
iron-micro probe, ICP-spectrograph. Ar-Ar dating, 
and stajjle light Isotope mass-spcctronietry, Send 
curriculum vitae, a siateoient or planned research, 
and names of at least three references iq Dr. A. W. 
B«ily, Chairman; Department of Geology, Rice Uni* 
venuly, pX3. Box 1892, Houston, Texas 77251. 

• jure is an equal opportunity employer. 
Poftdoctoral PosiUop In Space Plasma Physics- 
Dart mouth Col I eee Invites applications for a one- 
;ywr postdoctoral fellowship which will become 
availably In June 1983. The reriplent is expected to 
*Jf v 5|S'P th“«*lcd, models of;magnc|ospheric cur- 
rem sheets nml boundary layers and to study van- 
qua processes such as iiutabflllies and magnetic field 
rerenneciion which Occur in such layers. r • . 

«r ucf of “PPUrarion.reautrie, and ihe Dames 
pf two references \>y April 1 5 lo Professor B. Son- 

r«^V 1 '!j ayerSch 2? 1 °f E^'wcrinsu.fWuncruih ■ 
Jge, Hun over, Ngw Hampshire 03735 (605/6401 

r ' D^lmouth College is ap equal qppprtunhy/affir- " 
mauve .adJOn cmployicr. - • •. . ■; ( r 1 ’ , ; - ' 
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Marine Geology 
& Geophysics 


Woods Hole Oceanographic Insti- 
tution invites applications from 
researchers active In the fields of 
marine geology and geophysics to 
fill available positions on the sci- 
entific staff of the Department of 
Geology & Geophysics. We seek 
applicants at a broad range of 
experience levels, from immediately 
postdoctoral to those with ten or 
more years* of industrial or oca- 
domic research experience. Our 
intention is to strengthen over the 
next year the department's active 
earth sciences program by making 
staff appointments in marine geol- 
ogy and geophysics. 


Unusual opportunity for Ph.D. Hydrologist. Tar- 
Icion Stale University, pan or the Texas A&M uni- 
versity System, has been authorized 10 offer a B.S. 
Degree in Hydrology beginning with the Fall 1983 
Semester. This will be the only such degree iu the 
slate of Texas and one of very few in me nation. 
The program will he adniinistercd by * Director in 
conjunction with an advisory board of outstanding 
professionals- The Director we are seeking must be 
ati enthusiastic individual wiih extensive experience 
in and knowledge of the field of hydrology to devcl- 


GeophysiclsiAJ Diversity of Montana. The l .eota- 
gy Department of the University of Montana is in- 
viting applications to fill a'lenure track position at 
(he assistant or associate professor level with a mic- 
dalized acea of geophysics beginning Sept. 1 983. 
Teaching and research responsibilities at the under- 


graduate and graduate levels. Research interests 
should combine solid earth geophysics and geology. 

Applicant must have the Ph.D. degree or expect 
completion by summer 1983. Those interested 
should send a letter of applicatiun, resume, an uiu- 


Icase time. Substantial funding has been awarded 
for facilities construction. 

Applicants should send a resume and the names 
of three references to: Dr. Thomas C. Hinkson, 
Head. Department of Physical Sciences. P.O. Box T 
09. Tarlcion State University, Siephenvillc, Texas 
70402. Telephone 8 1 7/968-9 M3. 

The deadline for application is April 15, 1983. 

Tarlcion State University, enrollment 4.3U0. of- 
fers Bachelors and Masters degrees, is located in 
Srephenviiic, Texas, a progressive city of 13,000 
people. 03 miles southwest or the Dallas-Ft- Worth 
Mctroplcx, and is an affirmative action, equal op- 
portunity employer. 


line of leaching and research interests and uther 
relevant material. The applicants should arrange lu 
have at least three letters of recommendation sent 


to: Arnold j. Silverman, Chairman. Department of 
Geology, University of Montana, Missoula. MT 


The deadline for applications is March 15, 1983. 
The University of Montana is an affirmative ac- 
lion/equal opportunity employer. 


Faculty Position/Department of Geology, Universi- 
ty of Illinois at Urbana-Champaign. Apj dual ions 


are solicited for a tenure track assistant prntcsxur 

“ rr,rm - i ' <! ac,iDn ' e ’ ul1 ° 1 ’- ShThK 


The Institution offers excellent facil- 
ities tit carry out the full spectrum of 
practical and theoretical marine 
earth science research. A strong 
Interest by candidates in conducting 
seagoing programs is preferred and 
a capability to conceive, fund and 
carry out independent research pro- 
grams is required. In addition tr 
Geology and Geophysics, the Insti- 
tution constats of four well-estab- 
lished research departmen ts special- 
izlng in tho fields of Biology, 
Chemistry, Physical Oceanography, 
and Ocean Engineering. Collabora- 
tive research with the members of 
staff of those departments is strong- 
ly encouraged. Opportunities also 
exist for participation in the Joint 
Massachusetts Institute of Tech- 
nology-Woods Hole Oceanographic 
Institution graduate level education 
program. 


Naval Postg 
Occanograp 


Postgraduate SchooL The Department of 
ography invites applications for the position 
unu Research Professor in the Ocean Titrbu- 


of Adjunct Research Pro .— va- 

lence Laboratory. The successful applicant will be 
responsible for the organization and execution of 
oceanic turbulence measurements as well as the in- 
terpretation and reporting of the obtained data. 

The position requires a Ph.D. or equivalent in Phys- 
ical Oceanography, 3 years of post-doctoral experi- 


ence with oceanic measurements and data interpre- 
tation, and same familiarity with turbulence instru- 
mentation. The Ocean Turbulence Laboratory is 
actively engaged In ihe measurement and interpre- 


tation uf oceanic turbulence data from a variety of 
environments obtained with several types of vehi- 
cles- Tltc successful candidate will he expected to 
contribute to (lie growth and development of the 
scope of il ic research performed by the laboratory. 

Applicants should send a resume, statement of re- 
search record and interests, and the names of at 
least three references to Prof. Thomas R. Osborn, 
Lode GflOr, Naval Postgraduate School, Monterey. 
OA 93940. 

Applications will be considered until March 15, 

1983. 

An Equal Opportunity/Ailirntativc Action Em- 
ployer. 


Applicants should send resumesand 
names of threo professional refer- 
ences io: 

Porsonnol Manager 
Box 54P 




> Woods Hole 
Oceanographic 
Institution 


W 

O* A* 


V 

§j 




Woods Holo, MA 020-43 

An n)u»| .ipport unity oruptoyer Af-'F/H 


Advertising 


CJiairman-Depariraent or Geological Sciences, 
Wright State University. The Department of Geo- 
logical bciemci. invites applications for the position 
uli luir man, to be appointed September 1984. We 
seek a dynamic individual with administrative latent 
and an appreciation lor research and practice- relat- 
ed educational activ iliej Rank is at the full profes- 
sor level and no resiriciiims have been placed on ar- 
• spcxiulizaiiuii. The department is active with 
12 Mcuhvand an emphasis un professional practice, 
>el nuinsatning a firm Lonuithtncm in liasir re- 
search. 

Send a letter of application, curriculum vitae and 
names oF three references to: 

Chairman, Search Committee 
Department iff Geological Science! 

Wright Stare University 
Das Ion. OH 45435. 

Wright Sutc University it an affirmative action/ 
equal opportunity ensptover. timing date For the 
p4tuon u October 31. 1983. 


EOS* weekly frequency means rapid 
publication and delivery of your 
message. 

Communications in EOS result In 
accelerated sales and recruiting . . . 
plus a higher level of awareness of 
your product or service. 

If you are Impatient for results, 
weekly exposure in EOS is the 
answer. 

Cal] Robin Little 

Toll free 800-424-2488 A 

She thinks impatience 
is n virtue. 



Gelhar 

Receives 

Horton 

Award 




Citation 
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University of Wisconsin and first joined the 
MIT facility in 1964. He left MIT for the 
, w Mexico Institute of Mining and Tech- 
nology m 1973 and rejoined the MIT faculty 
Hits past September. He is a personal friend 
of long standing and I can think or no one to 
Whom 1 would rather present the 1982 Rob- 
ert E. Horton Award than Lynn W. Gelhar. 


The field of subsurface liydt dingy was ncr- 
N* 1 ,c *»» **« homing) tuuluitdon 
strict ilcicintumin and (<> incorporate into j ts 
.lu.ilysis die ample utict-ituiriiy arising from 
the ur ur lure atui properties olThe medium. 
Remit years have seen an explosion ofaciivi- 
ly in ibis area, however, made possible in 

KJ?/! 2i ,,ie ".T"" 8 L 1,1,1 rib »i!* ms of 

nJ « K ,K? " tl Uml,nl Award winner. 
-J.tr CJI ' ***** on ,l,e >Pn«ial variability of 
arpiirer [Will tic lets established a general 
.mtitewtt'k for the treatment of random hy- 
draulic cniicluciiviiy variations in un aquifer 
differential equations, 
i hw piouded Hie basis for his important lat- 
er work un tltc stodisvuit theory of mocrodh- 
perston in nonun [form porous media. The 
liiipflfl of his contributions is evident lYtiih 

the large number of recent symposia and 
wUkatipm devpied to Ihriiodiasucdescriiv 
T groundwater How and Tram the fact 
fi<emiUr£ Url ^ to exlensively in rhe 

Hi? did nil his formal academic writ* at' the 


Acceptance 


or ductile behavior of rucks and their gcuhgiiul ap- 
plication!. Ait earned Ph.d. is iei|uii«l. '1 he Depart- 
ment of Geology, the Materials Roseau h lailiur.inii) 
and die Engineering Cnllege of tltc Uttvietsily to- 
gether offer excellent research facilities lor link 
physics studies. For equal consideralimis, interested 
individuals should send curriculum vitae, lisi ul 
publlcaiioits, research interests and the tt.imes id 
lliree or more references by March 5, IUHS m: 
Albert T. Hsui 
Department of Geology 
Universiiy or Illinois at Urbana-Champaign 
1301 West Green Street 
Urbana. Illinois 61801 
217-333-7732. 

University of Illinois is an equal opportunity/allir- 
tnativc action employer. 

Postdoctoral Posltlon/Selsmology. Postdoctoral 
support In seismolugy is tentatively available for up 
to a 24-month period. Seeking a recent Ph.D. with 


u. nermann, Department ol tarth se Atmospheric 
Sciences, Si. Louis University. Box 8099, St. Louis. 
MO 63166. 314-658-3120. 

St. Lnuis University is an affirmative aciiou/cqual 
opport unity employer. 


Atmospheric ScientUt-Progranuncr/Univeraity of 
Nevada System. Tltc Desert Research Insiiltilu Ims 
an opening For an Atmospheric Scicmist-I'rogratn- 
nier within the Atmospheric Sciences t.'cnlci . T he 
individual will take part in the processing, analysis, 
and interpretation of airentfi cloud physics data and 
data collected with radar, radiometer, and lidar re- 


mote sensing instruments in cloud physics and 
weather modification research projects. Initial em- 
phasis will be on dcs-cloping conipuk-r-acneraied- 
graphics data display capabilities at DR I. Emphasis 
will then slntl to dam analysis and interpretation 
and publication of results. Opportunities exist lor 
developing own research projects. Desirable qualifi- 
cations include a Ph.D. in ulmnspltcric sciences w-jili 
2 to 8 years experience in crnnpiitc-r-assiiicd aircialr 
and/or remote sensing data diijtlay and analysis. 
Strong candidates with the M.S. degree in atimi- 
spliciTc sciences nr related Helds nf iriivxic.il science 
with extensive relevant experience will nlvi be nm- 
stdeted and are encouraged to apply. The mini y 
will be aliractive and is negotiable, full Iwndii pack- 
age is included. Send letter ul application, a cnin- 
plcic resume stating particulars ««f cdiic.ilinn and 
experience, and names., addresses, and tclepJic.iiv- 
numbers of three individuals who cm cnimucni 
knowledgeably about your capabilities, postmarked 
by April I, 1983. to: Mrs. Harrison, IVi sonncl 0|- 
fice. Desert Research Instinue. Univeisitv ..f Nevada 
System, P.U. Box 60220, Reno. Nevada XRMMi. 
ploj-e r A ^ rmal v< Actioi»/Ei|iul Oppon unity Ein- 


STUDENT OPPORTUNITIES 

Gnauite Regards Aulstuitships in Earthquake 
“ d “Pl°rallon Seismology /University of Ran- 
sas. The computer acquisition or digital scismri- 
grams lor a 20 + station seufnic network covering 
me southern end of the Central North American 
ir 1 !> } , 1 5 . l * 1 ,n ,he development of tecltnlqucs for 
Very High Frequency (500-1000 Hz) reflection seis- 
mology provide excellent opportunities for graduate 
study at the MS. or Ph.D. level. For fun her infor- 
mation and/or application, please write: 

Dr. George H. Rathe. Chairman 
Geophysics Program 
Department of Geology 
University of Kansas 


Lawrence. Kansas 66046 
(013) 864-4974. 


P. S. Eagieson 


drology. To me this is more titan a question 
of probabilistic theory or computational 
methodology. In my view the motivation For 
a stochastic approach presents itself rather 
strongly in field observations of the natural 
variability of properties such as hydraulic 
conductivity. The key element of the stochas- 
tic approach is the coupling of that natural 
yanabtfity wUh well-established physics which 
is based on controlled laboratory experi- 
ments. The goal is a quantitative description 
of the controlling, large-scale processes which 
determine field-scale behavior. The stochastic 


1 1 is a pleasure to receive this award not 
only as an indication orindividual achieve- 
ment but also as recognition that stochastic 
subsurface hydrology hus become well estnb- 
tshed as a legitimate area of research. This 
has not alwuvs been the case. Ten years ago 
when I firsi began to work in this area one of 
tiic leading groundwater researchers strongly 
admed me Hal the stochastic approach Was 
unnecessary because groundwater flow is 
completely described by deterministic equa- 
vfce 5 ' Nccd eM to say 1 diU no1 1,eed that ad- 

l want to acknowledge the' contributions oF 
colleagues at New Mexico Tech and MIT 
who have worked with me and had an impor- 
Uni. influence on my thinking in this areaT 
s - ■ ■ ‘ have beep Fortunate to hdve had a 
succession of sharp graduate students who^ 
hove worked with me in this area ind hav!e 


- — -.iu.iu. . i uc si iK.ua su 

approach expresses that large-scale behavior 
in terms of the expected value, and second 

nmmpnl 


Graduate Scholarships In Ckophyricv/Unlverrity of 

Allium .mil t Tim >ui Fi-llim^biiir 
M.S. and Hi I). Im-N 
U|) In Slll/'IIM'Vr.ll plus luilii HI 
Krseaiili «ii|qiun 

Ri-.ii-.inli Jiui l railting A'MM.iiurinin 
fri.. r iliii- 7.2U(i/,ii .iili-mii >i-ar 
iiiiiiiiu'I iiipfinl 

Tuilinu 

Mill Kt-lliiwdii|is 

Vaiiabk- sii|N-ndi 

Alva! ui gtupiisiii.d rt-icari-li ,n VViuniing; 
Kcilt-iliim reiMiinlnm 

taavlly and nugm-in (utit-tiu.il hclil siudlei 
Hiiul.i 1 |>r»|i'-ilk-% 

I'jlenniJgiirtisiii and nu L m.igm-iUm 
1 lu-tmil prinriH-s 
taiiMal m rui tun- and inagm linn 
IVitnnit iiiudrling 
Svismii ilal.i pim -ridng 
I'ihiijlI: lit . Kmu I 1 . Fill lung 

Ihqit. ul Gi-nluuv/t .(-iqihyMis 
Univi-niiv ut tvviiiiiiiig 
i'O lb i\ .‘fill Hi Unn. Si, it ini i 
l ar.uui'-, \VV 82U7I 
3U7/7l'iti-l.179. 


u o j 7 ■ ^ UMB ana have 

bene Hied from some Siimu|atingcoinpeiition 
Trom individuals like Gthteoa Dagah: i 

. 1 would like io offer sorde of my perspdc- ’ • 
live on the area of stochastic !' 


, s '" flHU -tCLUIIU 

moment analysis gives a measure of the vari- 
■“y }“ prediction about the mean. 

The field of stochastic subsurface hydrolq- 
gy has benefited from a diversity of method- 
ologies; comparuons of results have made it 
possible to develop confidence in the reliabil- 
ity of the .various methods. For example, in 
please or solute tramporl 
three distinctly different methods of analysis 
by independent researchers {Oagan. 1982* 
Gelhar and A mess , 1983; Winfer, 1982) all have 
produced essentially the same result for the 
macroscopic dispersion coeffident. The re- 
this case have important. practical im- 
plications. First of all, the theory shqws that . 
the mean behavior, as reflected in the macro- 
dbpersiqn coefficient, is strongly influenced 

ronriu riffle of hydraulic 
cohducb>ity.^Th, s ls ^ contrast to the head 
pr^tcuon pi^blerh whejre mean behavior i» 

; only weaUy dependent on log-cppdutitivity 
wrlunce, &cond, near the spu rce. ihe hiea n ’ 

.' ^entration field is nbldt^Sffi & 


Graduate Fellowships In C'unstul and Comiiwnlil 
Shelf Sedimentation. 'I in- (fonlrijp Dejuitnirnlof 
Uulliiimie Univeisitv inviti-s .qqilii .ilium inr gradu- 
ate fellowships U-.uiinu u* M.St. and I'h.i). degreu 
with siiciiali/.iiimi in tin- lit-hl n| hijm.iI dml coni> 
nentaf alu4t u.iliiiH-iitaiiun. I , 'iu-iiii.il i i-M-arch atcoi 
iniliide dmu-f.iu- anil si-diuii-in (irnn-ssi-s. iminj. 
iiicni.il ion fm si-diuivnl ti.insiuni simlics and run- 


Mimiion uf iniisi.il l.u irs iiunli-s. < >li]Mir tuniiin exist 
io lake pari in tin- iipmining t :.iii.uli.in ( awsul Sedi- 
ment .Suidy and In u.iin >t ii-milk i mum- experience 
nil ust-.ircfi vessels frnm Heillnrd lnsliiuie of 


Oceanography. Aw aids mvei a i afendar year sti- 
pend and are valued, alter lees are dcduiicii, be- 
iween StiSim-SHUUtl. for lurt lii-r iiiluriiMiiun or ip- 
plication please write: 

l)r R. ttnyil 
lieulngs- Deiiar tniciil 
Dalliriniie universiiy 
Halilax, Nova Sunia 
CANADA 11311 3|5. 


Graduate Research Assisunlxhlps/Cold Reatani 
Science 3c Engineering. T haver SlIiuoI olrlngi- 
necring al Dai miomli (!olk-xi: and ihr US Aim« 


('ohl Regions Rescjirh X- F.ngi net- ring Laburaiiiq 
invite .ijiplii ai|on.s rmni snnli-ms inii-resu-tl in 
ME, MS, I’li. 1 1." X- Iff pi our. i ms i«ilh speii.iliiei in 
llie told regions. I'oicniial n-si-aiih areas incluiJe: 


geophysics nf scum, ire X li«o«-u urunud; hsdcaulki 
ami hydroliijiv in iold ii-gions. piiiai marine engi- 


Heeling: and maieruli n u-iiie n| ia- ami oilier fro- 
zen materials. 

Ifo-lergiadiiale uujon in eiiumceiing. uhyiiu. 
and gcojiliyiR> an- ciu on raged (■■ ajiph For admii- 
sii’ii requireiiH-nls and imne di-iaih-d mfr-tni.iiion 
inntact: 

The Dean ol lliati-i Silliml nf f nginecring 
Dai inn mih l a ‘liege 
Hanover, Nil 113755. 


SERVICES. Slim. IKS. CDURSES. AND 
ANNOUNCK.MF.N I S 


INSTITUTE ON FLOODS 


June 27-July 1, 1983 


Colorado Stofe Unlwersfty 
Fort Collins, CO 


Spednl wdltcri lee tun* Holes lor prediction esti- 
mation and foMcusfinu ol floods. Weil known mam- 
ods based on statistics, mathunintlcol modeling and 
omplrtcol molhnds will be described. 

Lacturera: 

R. Clark T Snndon 

W. Jamas I I. Shon 

J. Sallns V. YevJavHch 


Fee: $«X).(X) 

Limited funds nvallnhle frnm UNIvSCO lor 
tuition sponsorship for (NMtlclivnla from daveloplnfl 
countries. 


Contact; 

Comlyn l-'rye 
InsUlulo ol CraiferoncL-s 
Cokwado Stale Uutuuislly 
Fort CollliiH, CO Ha r i23 
303-491-6222. 


dispersion cnuliicictUs ilcpeml on displace 
mem disinucc, und higher order dc rival ivo 
produce skesved conreturntion distribution* 
Also, the concentration variance is very ‘ ar 8 f 
near the source. 'When we look carefully 
field observations, these smite features are ap- 


parent. 

This discussion of the solute transport 


problem illustrates the state of the art injJ°' 
chastic subsurface hydrology. Our tnelbo®* 
have developed to the stage that we can use 
the results with some confidence to look © 
fully at large scale field behavior. In doing . 
we discover some nonclassical behavior ^nio 1 
seems to be reflected in field observations- 
The results of the stochastic analyses of so . 


surface transport processes point to the n 
for a more balanced approach which 
grates geologic information, field expenflj^", 
tation, statistical analysis and numerical:** w 

Ut! I la pjisenua 1 


tauon, stausucai analysis anti numcnu..--- 
lations. In my view that approach is essen 
tp quantitative understanding of tiie fieid* 


tp quantitative understanding of ihe.neU** • - 
scale phenomena which are important ^ : 
problems of resource development 
ronmental protection in the aqueous " _• 
ground. . ' 

References ’ : 1- 

Dagan, G., Stochastic modeling of ground^ 4 
ter flow by unconditional and condiikWjh. 
probfl,biiiu«, 2. The solute transporii W** 
Resow. Ra., J&, 836-848* 1982, / J 

Gelhar, L. W., and Axness, G. L.. three-^’ ; , 


■* WIU nAI|CN( VI. li'l ■ . J. ’ 

: menslonal stochastic analyses of macroo^ 

DPNlnn'In 'anMr.a. i“ I 




I . I .., .1, . . 

- -iill • hsA: ! J - 


I . persion In aquifers, tyaler Resour. Ris., l9 > 
m press; 1983., ; 

Winter, G. jL,., Asymptotic 1 properties 
,- U-tinapprt in random porous media', Ph-j J. 
r-.d^sertation, tJniv, Of Arijt, Tucyoo, 1W 
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Announcements 

Atmospheric 

Contaminants 

The deadline for submission i»F abstracts 
for the World Meteorological Organization 
Technical Conference on Observation and 
Measurement of Atmospheric Cuiiiiimiiiams 
(TECOMAC) is March 31, 1983. The meet- 
ing will be held October 17-21, 1983, in Vi- 
enna. Austria. A major objective of the meet- 
ing is to establish the state of present knowl- 
edge of man-induced and natural chemical 
and physical atmospheric parameters and of 
how they affect climate and the environment. 

The organizing committee will select pa- 
pers on topics that include chemical climatol- 
ogy and its evolution; significance of air 
chemistry observations for understanding 
and predicting the suite of the environ men t 
and climate variations; observation and mea- 
surement of long-lived and reactive gases, 
aerosols, turbidity, dry deposition, and chem- 
ical constituents in precipitation and organic 
contaminants; instruments, analytical tech- 
niques (including isotope and nuclear), stan- 
dardization, quality assurance, and data eval- 
uation techniques; and interaction of atmo- 
spheric constituents with adjacent 
environmental media. 

Abstracts may be forwarded to the WMO 
Secretarial, Attention: C/ENV. Case postalc 
no. 5, CH-121 1 Geneva 2D, Switzerland. 

They must be written in English and should 
not exceed 20u words. 

The conference is cosponsored by the In- 
ternational Atomic Energy Agency, L'NE1\ 
and the Austrian ZemraiaiiHiali f(ir Mvlcom- 
logie und Gcopliysik. 


Environmental 

Satellites 

A woikshut) on the uses ol enviroiiiiieiit.il 
satellites will lie held March ‘21-23. 1983. in 
Santa Barbara. California. I minded ill I In- 
topics in be discussed l»v panelists (roll) tin 
United Stales, Canada, and Frame will he the 
mission of the new polar-in biting eiiviion- 
menial satellite, NOAA-E, and iis sensors, 
which include first-tintc instruments oil a 
1‘ S ..Ikllitr that at c useful iu glut ml wai« l» 
and rescue operations. The lnitin.li ol the 
RCA -built satclliie fniin Vnndenherg Air 
Force Base in California is scheduled for 
March 28. 

For additional information on the work- 
sliop coiitau |>am Kamaglui. MS frill. RCA 
Astro- Electronics, P.O. Box HDD, Princctuii, 

NJ 08540 (telephone: tiO«l-l2ti-27lS). 'I he 
workshop is sponsored by NOAA’s National 
Environmental Satellite, Data, and lufonna- 
uon Sen-ice and by RCA. 


Digital Signals 

Tltc Acoustics, Speech, and Signal Process- 
es (ASSP) Society of die liistiluie of Elect ri- 
ral ami Elecu unics Engineers will sponsor the 
Third ASSP Workshop on Multidimensional 
Digital Signal Processing in Lake Tahoe, Cal- 
if-. October 19-21, 1983. 

Ahoy! 

X week 

March 9 

Abstract Deadline 

for Ihe 

1983 AQU 
SPRING MEETING 
May 30- June 3 


m raw & 


•iw2O0d 

yp 


Attendance is b-jtli by invitation and appli- 
cation. Those interested in participating 
should contact no later than July I the regis- 
tration chairman, John Hulsmaiui. Grumman 
Aerospace Corporation. Bethpage. NY 11714 
(telephone: 516-575-2054). 

Geophysical Year 

New Listings 

The complete Geophysical Year last ap- 
peared in the December 21, 1982. Em. 

A boldface meeting title indicates sponsor- 
ship c>r cosponsorship by AGU- 

M&rch 2 1—23, 1983 Workshop on Uses of 
Environmental Satellites, Santa Barbara. Cal- 
if. Sponsors. NOAA National Environmental 
Satellite, Data, and Information Service and 
RCA. (Pam Ranuiglia. MS 501, RCA Auro- 
Elcctronics. P.O. Box 8(H), Princeton. NJ 
08540; telephone: 609-42li-27 13). 

October 17-21, 1983 Technical Confer- 
ence on Observation and Measurement of At- 
mospheric Contaminants, Vienna. Austria. 
Sponsors, World Meteorological Organiza- 
tion, International Atomic Energy Agency, 
UNEP, and the Austrian Zciuralanstah for 
Metenrologic uml Gcophyiik. (WMO Secre- 
tarial. Attention: C/ENV. Case pustule nu. 5, 
CH-121 1 Geneva 2n. Switzerland.) 

September 23-24, 1983 Models in Gco- 
mnrphology, Buffalo, N. Y. (Michael Wolden- 
berg. Department of Geography, State Uni- 
versity ui New York. Buffalo. NY 14200.) 

January 23-27, 1984 Ocean Sci- 
ences Meeting, New Oilcans. La. i Meetings. 
Afil’. 2dU0 Floiiila Avenue N.W.. Washing- 
ton. DC 2(HHI‘U 

August 5-16, 1985 IAMAP/1APSO Joint 
Assembly, Honolulu, Hawaii. (Meetings, 
AGL 1 . 2CIIH i Hi <i iila Avenue, N.W., W.ishiug- 

ioii, i). <:. 'jin nu 1. 1 

September 17—21, 1985 A I PCI Annual 
Meeting, St. Paul, Minn. Spunsoi, A merit an 
I list it u le ul Professional Geologists. (Koberi 
E. PtciulcrgJisi, General Cli.iirman. 1 925 
Oakcrcst Avenue, Roseville. MN 551 IS; telc- 
plionc: G 1 2/636-7744.) 


Meeting Report 

PNW Region Holds 
Joint Meeting 

The twcuiy-uiutii AGU Pacific Northwest 
Regional Meeting was held September 1 5- Hi. 
iu Fairbanks, Alnsku. This was the first lime 
that the meeting was held iu Alaska, which, 
iiicicicutly, has the highest per capita AGU 
menilicrsliip iu the United States. The iliirty- 
tliird meeting uf llie Alaska Science Confer- 
ence (AAAS) was convened jointly (Septem- 
ber 16-18) with the AGU meeting. Approxi- 
mately 550 participants attended the AAAS 
portion and presented 220 papers; about 150 
attended the AGU segment 3iul presented 63 
papers. Carl Benson chaired a joint plenary 
session on ‘Geophysics of Alaska’s South 
Coast.’ 

Special acknowledgement must be given to 
Maggie Biliington who handled the logistics 
for both meetings. The combined meeting 
enhanced both events and we anticipate a 
similar arrangement when Alaska hosts .the 
meeting again. 

This meeting report was prepared by Thomas 
C. Royer and Waller R. Johnson of the Univer- 
sity of Alaska, Fairbanks. 

General Tectonics and 
Tectonophystcs 


J.r. Svuna; (Pacific Caoioiene* Centra, 

Box 6000, Sidney, B.C., Cenede VOS IA0) 

Ope or -the oldest Ideas for oponlii( Ch* Ceiude 
Halt is. the rotation of Alette any from Arctic 
:wd* aboot e piwt near the Hackeula Delta. 

(n support of tba Idea, Che basin, forned In 
latter Ju resale -early Cretecaooa day, bee 
weekly lines tad eng cede saoullta Chet eppeer 
to radiate from Che Hickaaxle Deice te|lon. Also, 
restoring the rotated bloak achieves • good 
bathymetric He end, for lets Saleowlc and 
younger pre-rlft. age rocks, a good geological 111 
boewaen epreharn AUaka and the Arctic Islands. 

rote Li on bypocheele dose not explain 
structural and oaeaaorphlo dlffarencea banraap , 
Davanlas and oldar PaUexolc ranks earoe* the 
rest or ad beuedary . tateeah Seoka leUndaod. 
oortbera Alaska. 'Thla reconstruction also 
places major rntd-Polsbeolc eodlaent : transport 
direct lone irlebln adjacent Urbane* la ■ . 

opposlKlon, northbaeterly In e roeterad Arotlc- 
Aleaks, aouthraewrly 1» paler flenede., 

: la tble calk, (be kneen geology or mid- end ■ 
early Peleoenlc rocks i a eewered along the 
margins of (be rosCorad rift end the enooelooe 
Oratlc-Aleeka terrene la. explained ee s blonk 
tbit eai dlaplecei aoutlnfierwerda In, mid- ■ 
Paleoaolc > 'Clma bjl;ea moeh at 2000 He Irpm Ik" 
Initial otogenle -pita tp the north aed east ° r . 
El lease re; I eland.-. 


Eocene PalaoUtttudes for the Aleutian hjljjs 

D. STONE (Geophysical Institute, University nf 
Alaska, Fairbanks, Alaska 99701 ) 

U. UARBERT (Stanford University, Palo Alto, 
California 94305) 

T. VALUER (U.S. tool. Sury., 345 Hlddleflald 
Road, Henlo Park, California 94025) 

H. HcLEAN (U.S. Gral. Surv., 34S HlddtefUld 
Road, Menlo Park, California 94025) 

Paleonugnetlc data from gets of samples of Lite 
Eocene age fron Anat Ignat, Umnak (Nikolski) and 
Antla Islands give wan paleo-Utltudes south of 
their present latitudes, but with error birs 
peralgslvs of the latitude not having changed 
with respect to geographic coordlnatei. the 
rocks stapled all had clearly defined bedding 
planes taken to represent ancient horizontal. 
Samples from Aral la Island ware not oriented with 
respect to azimuth, hence only give Information 
on Uie magnetic Inclination which Is of normal 
polarity. Data from Unnak Island and Amatlgnak 
Island show both normal and reversed polarities. 
Preliminary meins corrected for tectonic HU 
are i 

D I K a fl A 0 Paleo-X 

Amatlgnak 53 57 22 15 6 5) 270 35 

Unnak 67 64 23 11 9 47 262 46 

Ami la - 64 27 1 2 7 - - 46 

0, I, declination and Inclination of the magnetic 
vector, a, 0, let. and long, of equivalent 
pole positions. 

VRten these Aleutian data are compared with data 
fron Cr atonic N. America they indicate a north- 
ward translation and a clockwise rotation of the 
rocks since their deposition. This Is In accord 
with a late arrival or the terrenes of S. Alaska, 
Including tho Aleutian Islands. 


As laland Arc Cttbrolc Complex in esuchern Al. 

*« SOARS (Caophyalce Dtpircooc, Stanford 

Dnlverelty, Branford, Ce., 9410S) 

C. 8. PEE8EL (A.D.C.G-5., Anchored, Ak., SS501J 
K< SLEEP (Geophyelc* Dope r tee nt , Stanford UnLv.) 

Geologic napping and geophyelral onosallse 
Indicate the prtaeoc* of a nerrc iU . elongate Nit 
(1000 km] of gebbrolc and ultraoeflc rorke Io 
eaurhtm Alaska. Although the reels are bounded 
by a major auturr looa, tho Border Bengae fault, 
and euperf (dally appear to roiroble an ophlullta, 
petrologic and ccoptslc local data clearly Indicate 
lhat thaeo rocki wre not Earned at a old -ocean 
rtdgu or hack -arc basin. 

The Helchlna gabt-rolc couple,, th* lergeet oe- 
pcw'jre la the bolt, terlee (roo 2 to 10 ha In 
width, and ttop* Cut fo? ISO Vo In on anBt-aaet 
trend. The layered gabbrolc rocl * art In fault 
contact to the north with th„ ralkeutna Pornetlon, 
an early Juraealt volcanic arc, and nra fault 
hounded on the south by the Hdlugh Coeplat, a 
late Uj Crntaceaut eutducllun aa lacign. (mteUeA 
aapplng at 1 ■ 2400 and regional upping at libSJbO 
tndlciiaa that the gabhrolc. complex conalac* pra- 
doatnaialy of gabbronorlLe, but dlorlts, guarte 
dlorlta, and Inner ultraufU rock* occur locally. 

Srwclflc feeturua of Helchlna gabhro utilch 
Indicate a non-ophlollr ic origin Include a thick 
esquenco or gabbronortcai , abundeat primary fe-Tt 
oe Idea and Iron-rich pyroxaoaa, vary minor ol Ivina, 
locally abundant la ta-magma t Ic Hornblende, end 
cl"!* npxrlnl nn-1 teopnrul aennrlntlnn with -alc- 
alkalloa intrusions; gabhro -quarts dlorlta nigma- 
tltee am particularly conmon. 

Cnnparlaon with data from the Marl ante tod 
Aleutian tree nuggaet chat the Helchlna gabbralc 
cenplax repraiente parr of the banal eccumaletlon 
or an Inland arc. A brief elimination of ultra- 
mafic bodies ml chin thn naan trend auggaac that 
they coo era ant nphlolldc, but rathnr ere part 
of cha Island ere floor. Tho moar obvious volcanic 
equivalent, baaed do location and K-Ar dates, ta 
thn Talkaatna Vorattlnu to the north. The aalat- 
anaa of thla non-oph toll tie Nit of rocks has 
Important Implication* for tho formation of 
Southern Alaska. 


Miocene. Supra be is U sediments show similar 
variations, and Indicate the strut turas conttnuad 
to grow In the Pliocene and Into the Quaternary. 

The rate at which these structural grew can be 
calculated by using flow thickness variations 
which essentially record the rgli»r at the time 
of eruption. These calculations Indicate 
deformation was greatest In 6rando Rond* tine 


Datermlnatla 
In Close! 


i qf Rock Hass 
1 Jointed Coluir 


dforeatlon Hadulus 
Ta River BaiaTt 


0. C. LAHIGAH (Basalt Waite Isolation Project, 

Rockwall Hanford Operations, Richland, WA 99352) 
M. L. CRAMER (Same as Above) 

K. KIM (Same as Above) 

This gaper describes the resulU obtained to 
date from a comprehensive laboratory and field 
Investigation being conducted by the Basalt Haste 
Isolation Project (BUlP) of Rockwell Hanford 
Operations to determine the rock mase deformation 
characteristics of Columbia River basal ta. The 
BMP Is In the process of assessing the suitabil- 
ity of the Columbia River betel U located In 
southeastern Washington as a potential site for a 
nuclear waste repository. 

Understanding of the deforms t lora I response of a 
rock mass In a repository environment Is of funda- 
mental Inportance for repository design. The 
deformation modulus of basalt was measurad by 
various methods Including laboratory core tests. 

MX borehole Jacking tests, and a flat Jack test 
conducted In a 2 ■ wide hy 4.5 m deep horizontal 
slot In situ. 

A comparison of test results turtles that the 
deformation modulus decreased with Increasing 
specimen size In a ilirtlar fashion to the rock 
nss strength. Test results show daforratlwi 
modulus values of 87 . 40, and 20 Wi from 
laboratory tests of Intact core, borehole 
deformation measurements In a flat jack test, 
and borehole Jacking tests, respectively. 
Temperature did not appear to affect the 
modulus values sljilflcantly up to I00*C In 
both laboratory testa and In the flat Jack 
test. 

A further field Investigation rill eh Is currently 
in progress involves testin') of e 2 n 2 x l» 
cube of basalt In a mult (axial loading confirma- 
tion at temperatures up to 200°C end pressures up 
to 20 HPa. This test will provide data that will 
assist In establishing the size dependency of 
deformation properties of the basal t ( which Is 
critically neaded for repository design studies. 




5. P. RE I DEL (Rockwell International, Richland, 
UA 99352) 

K. It. FECHT (Rockwell International, Richland, 

WA 99352) 

R. H. CROSS (Rockwell International, Richland, 

UA 99352) 

The age of deformation and the rate or growth 
of Yakima folds have been determined by studying 
the distribution end thickness variations of 
Coluriria River basalt, intercalated sediments, ■ 
and suprabisalt sadlngotjs. Mapping has shown 


(>200 m/my) end decreased («40 n/my) Into the 
Hanapum (14.5-13.5 mybp) and Saddle Mountains 
tine (13. 5-10. 5 oybp). Suprabasalt sediment 


thickness variations suggest uplift and subsi- 
dence continued into the Tecent at this low 
rate. 

The age and growth rate constrain tectonic 
models for the Columbia Plateau. These models 
Bust permit fold growth In restricted areas 
over at least 15.5 my and a decreasing rate of 
deformation with time. 


AM AFPLICAT1DB Of mi FIELD STATIC TILT PBOH 
MntFAM LOADS 

J. 9. Laufcowles (Senna A Web* tor Enginnexlng 
Corporation) 

P.O. Box 2)21 
Bnetoa, HA 02107 

lipnrleentaL roeult* show that ic le teeilhle 
to nMBura elastic ecdoll ln-eitu uling a 
bar Lad til tea tar to nanitor ground tilt {rcra a 
ear face load. Potential eppl lent lone far such 
e technique era the nan -doe true tuvn evaluation 
of pavBMst nubgredee end the continuous 
■anLtorlng of grouod da form t Lon during end 
aftar larga construct Ion project*. In tho 
coarse of this invest (get lort Ct beoamo nenea- 
sary ta distinguish tba dlfferencn batman 
Manuring horizontal nod vertical lilt. The 
equation, dnfLnlng tfaase quirt it Inn are 
nvlraad. Hie nod I float tan and application of 
the thnroetfcal nxpraeeione to field area.ro- 
uats le presented ■ Thn rnnulce era ra Invent 
In engLnaarlng altuetloni uhern tilt nneiurn- 
mui era usually node in the near flald, end 
co cruetel dnforaetlan studies nhan anar 
surface tilt Uilvilrenli ere conperad to 
lava ling data. 


Mark Your / 

Calendar, Now! /* / / » 7^? 

mm 

January 23-27, 1984 

New Orleans, Louisiana 


Meeting Cochainnen: 

John R. Apel, The Johns Hopkins 
University. Applied Physics 
Laboratory, \and Richard T. Barber, 
Duke University, Marine Laboratory 

To be placed on a special mailing 
list, write to Ocean Sciences Meeting, 
AGU, 2090 Florida Avenue, N.W., 
Washington, D.C. 20009. 

Calf tor papers to be published in Eos. 


The Climatic Effects 
of Volcanic Dust and 
Aerosols 
in the Upper 
Atmosphere 

Friday, March 18, 1983 
8:30 a.jn.-5:00 p.m. 
National Bureau of 
Standards Auditorium 
325 Broadway, Boulder, Colorado 

Sponsored by the AGU 
Front Rntige Branch 


Cos/M7isored by the 
Denver/Boitlder Chapter, 
American Meteorological Society 


thst Anticlinal rldui, syncllfnl'buln* and » 
WBitwerd.tjltlng pefeotlop# are tlw main 
Btructural olanants of the. waft ad central -J 
Columbia Plateau. Thicknets variation* in tha 
now*, a» t|i«y cross tha a* structural faaturss. . 
laMute' that, the anticlinal ridges and syncllhgl 
basins began growing in Grands. Rond* time (16.5- ; 
14.4 ^yfabrdnd. Continued to grow through tfw 


This symposium will bring togelher prominent 
researchers in the fields of cflmalokigy, meleo- 
rologv, gtadology and volcanology io summa- 
rize the stale of knowledge on this subject in an 
Interdisciplinary forum nl a leVcl appropriate (or 
a non-spedallzed, but sdenUflcally literate audi- 
ence. The meeting is open to (he public. ' 

Topics will include • • . 

• The history and causes of dltqatk variations 

• Explosive Voltairism 

• Atmospheric effects and observations 
4 Climatic and cultural consequences. 

Cofilffrts: Jules Friedman and Raymond Walts • 
U.S. Geological Survey. P.O. Box 25025 
Mail Stop 9M, Denver, CO 80225 
(303) 234-3676 (Friedman) or, 234-3493 (Watts). 

For further information, see En Meetings Sec-. 
Hon, Februaiy 15, 1983. . 
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Geochemistry 


D. I. HAUKUIS (fleolaxy/Gaophyalc* Fragron, 

University of Alaska, fallback*, A talks 91701) 


Ike aaan (tl alidirj deviation) gold contact 
at the Cluaty Staadicd vein quarts; nln quarts 
(district vlda)| BthUti and quarts diarlta ami 
0.342 r .020 pp>| 5.41 i 1.54 ppu] 0.391 I 0.119 
ppa l and 1.73 t 0.4(2 pro ruapectlvnly. Theaa 
values wro ob inlaid fma 2.441 Raid 'only ion 
of rack# al the Fairbanks District docs as parr 
of tha joint University of Alaaka-tf.S. Gao logi- 
cal Survey Heavy Ha tala Project, Th# ab«va val- 
uta uera derived by using the goodlnlcal aaa- 
pllng constant oi IngnaoLla and Swltur, coupled 
with coaputsr adapting ugwrlaioti. Ib la ap- 
proach via required bacauaa of tha Pelaaen dli- 
ertbuttea followed by gold In chain rocks. Hean 
8»ld values for other reck typos are also repor- 
ted. but the amber of aisplei was liuufflclant 
to provide a useful neaaara ol the atnderd 
error of the neon. 

Iho cocmonly used atomic obaorption (AA) ana- 
lytical method, with aqita-ragla d Ignat Ion, glvas 
result* for B’-id in goad agreaaaat wteh tha lira 
aeaay nathad. Both Bathed* gave valuta that 
uera higher chan thoia retuxnod by tha AA nachod 
and Hii-Brg dlgoatloa. 

Povalbla traco elmnt aaaoclattona uung the 
trauitlan aatelac A, (s, Kri Sr, T; An, Shi Kg, 
Pb, ate suggested by principal ermpoatots aoaly- 
ale. Thera associations are tancetlva bacauaa 
of the aartous gaapllng problem* lohar'nt In 

thle study, 


fall Coe 
laid. Cook 


P.0SA1E H. APTOLZBS (11. S. Geological Survey, Box 
25044, H.S. 972, Denver Fadarai Canter, beaver, 
Colorado BilZ25> 

CAXt II. SHICKEft (U.S. Ceologluol Survey, Box 
25044, H.B. 9 72, Oliver Fedora 1 Coaler, Denver, 
Goleiado (0225) 


nineteen snap lea (too the Cappu nrU Waterfall 
coal buJa in tho lever Ollgocaua to slddlo HIo- 
cona tyunrk Foimnrlon, Capps coal field. Cook 
Inlet region, Alaska, worn cnLlccteJ by tha U. 

&. tcologtcal Kurvov In urder to aaaaaa coal 
quality, Tbuao uaaplra conaLat of IS cure and 
4 I*-o channel nor pita from the Tyonck B-5 quad- 
rangle. Proximal® and uLtlnit* analytes | hoat- 
ol-iiobijiiun, slt-drlcd-loaa, and forwn-nf- 
■ulfur do lerllnac I rnai aa well aa ujur- and 
■luor-otlda and Lraia-alnunt aaalyioa wore par- 
fanmd on each laaplo. The apparent rank for 
both tha Csppa and Waterfall coal hr da range a 
Iron lignite A in aubbCtimiooua g. 

Sulfur content ranges (tom 6.121 to 0.311 and 
■ah cornice range a (roe 9.311 to 40,31. (slan- 
ted alrnanta of cavlionacntnl concern hive the 
f 9 llcving range* in parti ror nlllicq: arsenic, 
2.3 to lf.74 beryllium, Iris thsu O.) to D.2| 
■ort-urr, 0.4 to 0.14; nulybdnnua, 2.0 to 39| 
AntUsany, 0.5 to 2.0; and selenium, Ini than 
O.l to 0.2. Tha io value* augguat that tha Cappa 
and Waterfall coaL brda jro cuapmnMa n other 
Alaikan erd van tarn !>■£. coale of slullar age, 
rani, and depositions I environment. 


Glaciology 


spoon of Pl us Eltclet To a FanurtiHa, I. 
Thirl anas and the Tiny Law nf lea 


PITH fCmmttBH (civil Ion of Ganlogy and 

rianicary Sclsceai, California Instltutt of 
Tacboology , Psasdina, Calif. 91125) 

(Ipoaiori Barclay Kasb) 

The Blur Glacier, Olynplr Mountain' .Uaihiogtoo 
has unJargdDi a lubiiani ial tbickeotag lad result- 

Ing Inrriiaa in lea velocity, ft n,,| provide, a 
unique siiuiat test for glacier flow rdrorv: vf>.i 
, ’"W" “* ■ I a spa rat a, otm-aurglog .ta- 
der mj a garner leal par tutbat lonl intonation 
regarding (lav law paraaacara Id a power-lau type 
conic l tut Iva ralatien tot lto are obtained Inn, 
atuly of the raaulllug Lncraaa. i D velocity. I„ 

Chll IIMf flftiHVmllflu.l J.«a I. - . 'a . 


”, i * “ wily. ] 

this paper absnivatlan.1 data u coap.rri with 
ituaatUal sodala or glaclar flow. Tha touparlioo 
soabU. aa situation of the flow lav |irmtari 
far taaparata lea and a da lamina t ion of tha to- 

par ^.i; , :r:,. 8ow : lB » th • mov 01 ^ iMn 

id 1117-38 tha aurraca valociclas and sur- 
face alavatirra along attar « l tranavvraa ptolilaa 
ware data rained by Malar at al, (1974), 

Our log th* period 19)7- IsjO similar m».urs wac , 
vvra aada of surfaca velocity, a I ovation, uj 
Its tbickcaia along prof Lias spatially «qul T s- 
laat to thou of eba IS SMB aurvay. PlnLr. ala- 
s*nt sathoda using a cnu-Uonat conatlutlvs rel- 
it loo vail (splayed foi IntcipraCatlan of flow 
(tipaaaa, 

Ha aaaulta.vU.cb dlff.r significantly r,on 
tboie abtalnad using a ilnpla lea slab nodal, 
abov tha lapoitanca of cooplas glacier gaosatriaa 
for lot or prating tha obtantd flow taapoua. 

Jill « l « rB • oJ onperlurbad flea 

ef lisa Glaclar support a pouar-lav type craao 

lu*™?; ? 1008 ■■mleagth avarag- 

W . ^ r ? C ' : T °P* ,nd curvatuta 

are lapllad, Flnlta alanenl aathod* art ahown to 

th«*flSL*»» ID4 <r f! clt8t loi nodaiiog 

Tcallilic topoinpLy. 


Heler. K. F,, at «|. (1974) j. 0 g iTlio.J), 1|y. Z l2i 


assist Ka lian Hawuriaa o|a by J5 rira-r. 

fiSiliAJJjSi 


PCT f R (Gtopbyalea) fnatl- 

1 of r «‘rt*n»*, 41 99701. 

QttM ' Ea (Gaophyalca Prograa, Iblvoralty 
ol llashlngton, Saatilc, WA 9B195) y 

BAMlSaa*jliOtt jCaorbyilcal lostftut*. Oulvar- 
*1*7 uf Uaaka, Fa it bank., UT 99701) 


In order 10 oaaiure variations In olscler 

of an# - -v:=c p : #a 
* “ yl,,D 11 •nlllm Olppu, 
CMafi coapoaanta with auMMIlc a*po*iii#rMtar 
wind., .ad 1)0 aamaur. back. EaposurJ ,^. 

Hill .ea ™ Ptwored with g D- 

calls and ran npuratc onttandod f ur U B to 

■1 mirth'. day I eyed with s 100 co law and 

V a?“ ,r, ° ,B 1u , ntlaI pi.au- 

fltlr-pl d «*Pl«ci3untn nf a.vira) „n- 

HuaUMa U ** W " "«Wa* on 

* ' * oler ’”i«P«i. nr oa a c<eput*, 

£*.r 

fl-lrn-.'ef'^h' * t “' td 1Bj djta Meardlng af- 

am I ’Abo (hero 

pS Je i? 8l= * ar Jf '»-» «« ho waaured. 
Plfl,eJ ... .f u; e “ ,M ‘k-tesu hovu born di- 
! 1 , J tUllv rn ^‘“^tad hist lar, a 
! M nt r " The cetults 

Winter «!' P ,,n, "R • aulden npr.-il u p levs 

v. fil Irt lato a, .ring, ihr 

a rasa tic Q f roiinn i alC r in the «w r . 


4l«W l,W,lh W WLVE»l»r GL4CIKR, 




tMi and tha slsllitiul 

.®atTS^,ffiSSL.T 

iMiqatet that* * mar. oF^J PJ« 'pt t*l 1 


Tim yai usually due to only one or two raonthi 
with above noma l procIpUiT'or. anosnU. For 19f« 


1977, I960, and 1981 norlhly preelpltitlon dnounts 
In e tress of two standard deviations at calculated 
froo tha 30-yeBr nomal, were Identified. Analysis 
Of the nwn nonthly 7lVl^b heljhtt for these nanthi 
shoved an identical hatjhl patUrn, regard let 5 of 
In what nonin th# areas* occurred. 


aiiclol osteal Rareanh on Ht. mdoiibt, Alaika 


H. STUHH. P. mCKEnH, C. BENSON ind J, KIENLE 
(Geophysical Institute, UntwriUy of Alaska, 
Fitruaka, Alaika 99701) 


Ht. Ri doubt 1st 3100 ■ high, gtictar-covarad 
Mtarslttently active vole too, on Ue wait sida 
of Cook Mat opposite Kanal, Alaska. Its 1966 
eruption . ms acctapanfed hy flooding of the 
Drift Rfvtr. The flood waters csrrlod blocks 
of fa, soa* of which wire eppinntly fraa the 
unnaped glaclar which flows north froo tha 
suaa* srater of Ht. Ri doubt. Tha flooding 

esuK nicuatfon of a salsofc teas working at 
tha ■ h of Drirt Rfvtr on the shors of Cook 

Inis fiare an oil Uokar tarolnil Is now 

located. Our glulologtcal studios bdgan In 
1977 within tha limit crater ind worn extended 


to the Urofnu* region of the glacltr draining 
north free tha limit 1o 1978. Acconilatloo at 


the limit In 1977 exetedid 6 r of witor equiv- 
alent. The flow of Ice In the lower part of 
the glacier, when ft spread* out efter leaving 


a nirrow valley, has been dm lured every year 
since 1978. This part of the gltcler wag 
covered with volume debris fron (ha 1966 
eruption. The rate of Ice flow Is Incroastng 
and tho Ice Is thickening In whet appears to bo 
a pulse of tea Roving down glaclar et a speed 
of 1 bout 500 r per year. The Rost recent set 
of eeiiuroRents wis Nde In early August 1982. 
ir this guise continual at its present speed it 
could reich the tensions of the gltcler within 
one or two yeer*. If It causes the tervlnus to 


idvtsca by only 60 r It could dee the Drift 
River, filacler-disnad lakes hive farted it 


this location fn the recent geological past. 


Such gtscler-diRisd likes in unstable tnd 
cause flooding when they brook loose. The no- 


eeuse flooding when they brisk loose. The po- 
tential hisird to the tinker terminer «t the 
nouth of Drift River needs to be eveluitsd. 


fcjHSMWt of Water Prscioltetien in Masks 
by Use of the Vyoalnj Snov Blue. 


G. CLAGCTT,* C.s. BENS®.** and C.U. SLAUGH- 
TER*** 

‘Soil Conservation Service, U.S. Oepirttent of 
AgrUoUvre, 2221 East AortTiira Lights Blvd. 
(Suite 129), Anchorage, Alaska 99504 


“Gtophysfcii institute, University of Alaski, 
FalrbaiRi, Alaska 9970] 


*** Institute of Northers forestry, U.S.D.A. 
Forest Servlet, Falrbarti, Alaska 91701 


Precipitation gages shielded hy the ‘ihoRlng 
Blow Fence* developed by Richard end Tenon 
have been used In Alaska since 1975. Ths Blow 
Fence consists of two concentric snow fences 
(radii 10 and 20 feat) built around 1 precipi- 
tation gigo. The Mrat one in Alsiko was 
built In hovesoer 1976 at Barrow. Five ROre 
were bullt-durlng the 1916-76 winter on the 
Arctic slope. thBi-e are acre than 26 of them 
In Alaski and the Yukon Territory non. flfta- 
surlng precipitation fn a wind-swept raglon 
such is Alaska* s arctic slope where the total 
quantify I* snail, tnd nearly BOK coses as 
snow. Is a co.pl ax p rabies; results fron the 
Hyonlng mow gage used idj.cenl to unshielded 
weather Bursau gages Indicate that Uie long- 
term record* are too low by a factor of tnree. 
This loportant result his already bam used fn 
our afrorti to dettrolne the flux and trsns- 
port df stance of wind-blown snow on tha Arctic 
slope 1 


rno gagas are now bafng used In other ex- 
posed wind (wept parts of Alaski, Tho lamest 
inow perl ntasured by tiisn | s on Kodiak Island 

T'Zul 


davlcal* 4 |wSth , »i Ut1 1 * continuous recording 


devices {with hourly values recorded) rather 
than cans Matured by weighing thee. Contin- 
uously recording gogos hen bun operated by 
Oie Forest Sarvlce (USER) In the Caribou-Poker 
?SK k iT R,, Jf rt 5 Witershtd since the winter of 


h!. r *! ,,rc 5 tms snow; 
thoy hi vo been turned over to th# Soil Conser- 
vetlon Sorvlc# (USDi) eg part of Its overall 


•valuation of snow hydrology In Alaika. Th* 
! a,UB ®r i'l* 1 hag b*en daxrn- 


stratod. but SOI# In the Arctic now n d «Tor 
ropairi uifw replacawnt. 






99701). 

\ Sponsor: loir deyewsere) 


Runoff In glacliad biilns It lvbject to 


Urge fluctuations with rather long tin* 

aTuS^:L tea «HK.^i.ten« t 


u**in, ror instinct 

Ts’tel e.te ab8ut Ul or nna,r 

iL-JI!* t0 5* . n ® «rt Of storage In 

J?? Th * cl Iwstlc responi# of 

shSr? 4 « t ? us ° r ,B "B-tero and 

fnterelt rorf ' ‘ t, " J, #f ccn,, <>«teble 


AUrt? Jii “V"* « Ucler ablation In 
-»2 I* " at “''connected . Tha major tource 
or«« th *!*? ,nd w,I J tuPB 11 th« Pacific 
m J ncroajB j n traniported Pacific 
1 m '' 0u, ‘* ■"'tease preclpltatlqn 

at h,fl l! ar e,fl tetl“ns. and 
probably inereaia the runorr subitem telly, 
y J 8 * 9> *c lari btgsn to grow again, 
h8r> ?*," 0f# ftcctlc «tr would 
reduce both precipitation and ablation at 
ill elevations. Major changes In total 
runoff ire thut possible. 




— V ■; heranelc end Newman Tnc. 


High level impulaea of underwater aound 
occurring aa frequently 8B 3-4 tl^L per 
to'™** »r. Glaclar Bay* P 

dirTSJ th- ,nR x a project to 

a«rln« the underwater aoouatia envly'nn 

ss.:»3S-„-„K -5“ 


eonocSj^^fi^t^" th8Ba •«"ta ore 

U» lce/roolr in? Arr^S a6 lS n i a erwr Bf at 




. provides aohr atroot 1^1 a ? n * or Wetem 

... .«**» 




gUcikrajji^ther 



An Intriguing Glacial Feature In Broad 
Pus. Aims. 


S. A . BOILING (Geophysical Institute, 
HI VIP Illy «l Alaska, Fslrbinks, Ak. 


99701). 

(Sponsor: Xolf Jsyaweera) 


An August snowston in Broad Pads, Alaska 
left a pattern of mow and bare ground 


resending giant ripple narks on the 
southeast Slda of the Parks Highway. U2 


iRSgoi of the ares showed a druiglfnllka 
future rougly 6 km tang and 800 n wide at 
tha broadest point. The large feature hat 
two Hjor longitudinal troughs, giving It 
tho appearance of two or throe smell feature* 
arranged In echelon, and 1c crossed by 
numerous transverse ridges and troughs 
w tilth were probably responsible lor the 
rlpplod appearance. Tha transverse troughs 
ere In east cues continuous across the 
crest of the larger feature, with a spacing 
of tho order of 60 n. Tha feature 1* 
undoubtedly glacial In origin but the 
condition* responsible (or the forojUcn of 
the transverse ridges ere unclear. 


Cha noted sc tea of subasrlal aedUtaat flow da pos- 
ies, Hacsnoaka Oloofar, Alaska. 


DMflEL B. LAHSOH (USA CPI EL, 72 Lyu Bead, lloluvar, 
HH 037)5) 


Subaadal sedlaanc flow deposits bear charac- 
ter facias that distinguish them froa other 
dlawiccoos dapoeltad In tha sadiMaiiry anvlraa- 
wsne of tbs Hacanuabs Glsaiar, AJosks. Tlieoa 
prepare las are devalopad by she eechanica of 
Initiation, ■ovonont and dopes tt ten of ted I unit 
gravity floww. Active asdlaent flows are 
cheraetarlisd by oultlpls grata support and 
transport Mdiaoisaa chat vary In lepattence 
with tho wscor concent of each flou'o matrix 
Bicsrlal. Th*aa variations ara gsnsrslly re- 
E looted Is tha prapsreiss of tha rosulting 
flow doposlts. Thess deposits can ba dlffsr- 
antlscsd Into sis aedlssacolagic units. Each 
unit is distinguished nsinly by variations in 
grain a(xa dlscrlbuclon, aadJoanracy ocruc- 
Cura, pebble fabric, grsvsl-slxe clasc eon- 
csncrslton, sad prassnea of ianses or sggra- 
gsesa of axaclc material. SsdlMPC flow 
dapoaits *r* further disUngulahsd from ocher 
glacial dlaalccana by bad contact*. *ur(*c« 
forma, dapaslc gaonacry, stratigraphic 
saaaclattoos, and osrgloal sod subflaw dsfor- 
mscioasl fsscuraa. Propacclss of ssdlmsnt 
flow dsposlco am. In affect, aon-glacial 
In origin sod should ba rscogalrod end 
claailfl.d si distinct from other dUmlctons 
dapo.lt ad In the glacial anvlroiraenc. 


Gravity and Magnetics 


Juan da fata Plate Hxpi Gravity 


BOBIH RUU>1U0DGH (Pacific Gaoaclenca Contra, 
Side ay, B.C. , V8L 4B2 Canada) 


Tha Latest addition to tba Juan do Fuca plain 
map aarlas la a coop Had on of gravity data. 
Copcouca at 10 mgal Intervals aro printed onto 
tba standard topographic baa. (JFf-2) at a 
■cola of 112,000,000. Valuaa ahown arc Fren-Alr 
at aaa and Bougucr on land with rvferoiita tn 
10SN71 and Gaodstlc teferonce Plaid 1967, 


Tha principal gradients occur along tho 
Ksndaclno and Qua on Qiarlocto fault iono» but n 
sarlna of attended north -south nnomallan 
characto rite ths convargooco luno along tho 
Wanhlngton-Orogon coait and tho coast Riingea. 
Elaowhnra, as axpoctad rolaclona betueon gravity 
anomallas and topography tend to bo dtrucl at 
■•a and Invsran on land. 


Crnvlty Survay a in tha Canadian cordlllnrn 


— *P * BIPPIHOI'CH and U.A. SEEMANN iPndflc 
Gaoadanco Qancro, k.U. Bon 6000, lldnay. 
B.C., V8L 4B2 Canada) 


Tha Dapt. of Energy, Mines and Bcaourcua uf 
tha Canadian Filonl Covt, has boon conduct I 11 B 
rnutlu regional gravity aurvays In tho 
Canadian Cordillera since tho 196Q'». Station 
■pacing (■ at 12-13 fcs and BoasurOBant 
■pnclf lent Inna require + 50 m harlaontel and 
+ 3 ■ vertical positioning. 


The nature and quality of oxletlng topographic 
control make tho* a requirements difficult to 
achlova. Hschnda unad nvar tho yoara have 
Included a l time Cry, photo-b ridging ond luorclel 
positioning, Couplad wlih uncar to 111 visibility 
and flying conditions, survsya nru alow and 
expensive, ftavnrthilan regional coveregu i a 
now conplat* up to 55*11 and plonu are bolng made 
to finish tba remainder of tlm roglon ihrougli 
tha Yukon and MU Torrltorlon ovar Ilia neu 20 
yoers. 


Gravity Survay of c hn LI 
'ifiL'-uy. Ha.hipatan 


tie Snoknnu aivq r 


DAVID A. 8IEFFT (Alaska Raglun, Mineral a Hnnugii- 
ment Sorvlc*, D.9. Dapartauia nf the Interior, 
HUO A Strsec, Sulco 201, Ancharagu, AlnaM 9yiOl) 


Rl«r 8 ltV “ P 1 U, ° UttU kpokono 
Rlvoe VaUoy appears sa a brood crougb-nhupod , 
Mgatlvs Bougunr snonsly narrowing northward. 

Tho surrounding highland*, which axe cwpoxod ot 
cratacsouo gran Ices and Frecombtlon mownorpl.lco, 
appear as local high' Bouguer anomalies, gannlt 
lCol “ fc, *‘ Wvor Basalt Croup) ao d 

dte^vi!*? 1 !T l ! ary 1 ' lc ® rb * i ' ("Lotah Formation”) 
distributed throughout the valley floor ipp Qar 
as local "low” Bouguer teonaUss. 

,^r ld “: 1 6ou « UBr anomaly maps revonled a buc- 

reJd - ■ Ch * drlf t-flUaj *, U _ 

^ tOB8wl dama th0 Bround water 
northward through the trough and causoe 

chU^aS! P “ Mv,r V4U " y lt dla- 

anStel^ T° th “ f rHVlty “P® tha local 
fl^i -elcB ' raBlM * 1 Sround -water 

flow patterns wore idsntlfiad. Thaxe pattern. 

oddte? 1 Lltde Spake no giver receives 

addle lou* 1 recharge from ground water flowing 
“ lBcl “ l Sift 

^ “* th ! P# °“ ‘ , l«*Wt Prslrlas , 

d^xl‘ t,r f,0vtn » ,aat "® td through ”l“ 
££ R ° ,a PC * irI ® «Dd the 

legion, and fron ground water fimHna 
southeastward through shallow, glndal drlft^* 

* I witei. V,,U I ,ra . ,U,reh8i,t of Da#r P |c k- 

elw , B ® B * u e* “r tha residual Bougusr 
«wn*aly asps Indicated direct glacial eroelm 

*jrlna the Oi.tora.ry within tL^cSy Si 

chla cmelualon 1. that tha 0- 
sssec laced with direct 

K AliTtee ^ th. gravity 

I *5* P ro,,icl of numerous basalt fldw 
^“ “.f Qoad throughout Me Little Spokma 
River Valley euggeats no direct g)..clal srOelno . 


gags «, ^LLTT^wn (Physio. Omartmmnt 

Wlltetv Colleg^lS! J>t ' 

YlOtetls, B.C. j Canada- von Infll * 
(M<T<*1 oR Dapar taint 
vStor£* a S Collage, fmo. 


: S2v;iS2 .f!^ lo 2 th# Oaburo vr , 


; wok, ■ 




.1 1 ..II nyi.l. n UnKad to 

.111 xnlxi.n >1 nli'in, .•t juuit. 


Hu' ri.*'im«t i.' -1 .ua ,'Iimi-iv lih.iitlfini 

* In- i-uri li»ll ul Mu' I lilvi-i Koult 

Til- f. Ill It tl.li'n run -1 l-.lr-illi - 1 lu L] ln 
I -i.iiiti .-tl* -Vn-li.i i.i :.li-ii ul tnu li,.» Coburn 
1 ’untinuil-* in ■ li-vi-i I'mIiii ,ii r .,, an ’ 
.llut.vwv ul .ill. mi l.Hn, W-1 , mtlnuoa 

■ 'll .1 ill 1 . 1 1 -|1it - 1 tin' ti,-.i,||i|.| w ,ii„ JUt 

l ) rim' lir,t'ii.l rinw, r l i. Hit . 


Cluaui in ■linin', ili«i il.it .1 in.llcates 
tin? lulij It Lull ul tin* Si ill vi*y Hmiiit.tln 
I'.iul t ■ .*ii l I'larli si'R ilw luti-i-.irtlan 


liutw-'i-n til" la-vi-h Hivor .in>l Uurvuy 
H-,tmf.ili> Kjvi 1 1 ayu 1 <•["•! . wliU'li -.-I'nvorqe 
off U rot vlut! I.i-il-jf , 


Melemology and Hydrology 


lljiill.it | ii£ flm J'n(ii>r.-n Wuu-i r.iutmu „g j,«i 
U ilng Tin.- Is— HU Pvl 1.’. I’.vn-l’r, - " ’ " 4 


HA:i MLIH n.i.1 |.. lAht. (l,m|, utP o( 

Hum kruulfi, lutvctHllv •«* A5n**.i, Fnlrbsnks, 


■Miiskii IJ /'H) 


IlCi- d-.Kilu mil. <.-n.it, I1HH) In * c,- c |, n gq ua 

Ill'll - .111 hr II-.-J l» lii.lliv llv Ir the In 

■urn 01 1 ul ill r ■-11I.11I .■! h-ll, Ihg rxporlncelsl 
TV-A mrllind wan mr.) |.i r...i,lt„ r ,ho imlruzoa 
U-|||1J W.in-r ...III mi .,1 a l silt. 4iltn a l It l u « 
tliti-uttli.iii* llu wliiiii .,ud tin* mi.-vjvlt i-orlodi 

Iliu npp.1r.1t in ihih|hIh .■( pr-hr* In.xicJ In 
llm null, lt.ii.mi.nl. .11 llm i, an.) an lmir,r, BI 
l«i gcnriatn an irlri-ti.-nugnrll. w.ivu aiul culiuts 
Ihc irav. l I lc.1 (l|(. .11, ill Mil rvdl.n (u,.|| Ir, C hli 
voaul. U,> h-ivo c*rrrl»i al' J with iw.i tvp v * B f 

Iran -oli.nl. >n llm* In pir-ill.-i H nu fln j 

id i-lo ri. .Intel 1 til** . Vfirli.iin 1 unllHuratlons 
ul prntici urn- ten all, -I li.-rU.rU.il ly at varluul 
tiff* Hi. 1 In tin; 11 1 1 ti. .1 naxlinn i|r|iil, „| ona 
Min. Prim in frri--.u-u|- In iliv lull, three 
|ilviH nil- Irriaaim 1- v.ir/ Die a-ll nuleture 
• ■•nlrnli a lu-irtli vi-!I--1r.ilu-,l ,.u,- uurvuij si s 
ri.attul. 

gii.iJinxi. i,ti 1 .1 1 ii tin- imir-'ci-n w.itur lonini 
wurw i-iit-ii .11 .i-pi.-ili.iii.lt IK-nii Intutvsl* 
during til.) v 1 1,1 or a.i.l each day during thu abl.' 
tl.iu pvrl.-l. Thv r. .iJIiikv Vrlr cuuvurtcJ La 
liquIJ w.itwt uinlrnt l -r tin- null sludlud by 
u«l#ii a .jllbrstlun . urvu cl.-u wan duvuiapod 1. 
tha ls6urutoi> ut 111. Inn a |irv»a.jru plaia app.- 
rstui. 

In goiivral, thw tv.i.nl-|uv twuulia In goad 
dcllnual l-.n ui tl.c ublri.san aulvturc ,-jntent with 
dvpth. The idiun^ir, ul thin autli.'J sru that 
It due* n-.'L I ill Liiyii. , tin* wuLLIng jn-J drying of 
tl.u soli, It dovw rut affn. l t|i« (reeling and 
M.ikvlng u( tl.v null , It Vullr-i ..ii 1 rhyalcal 
pruperlv lli-it In .1 lend |..n ul (III- liquid wjwr 
Cb.ite.it, and IL I-- .iniJi-iit.i-.c Iv, . Il.lo to-h- 
nlquu I in *i l-L-e.i vriv li.nil I- I .,1 lui umlcral.iiJlDS 
rniuvnelt llil I itr if I ■ -■» 1 ,1 1 llv Ir.-iru 

bi*l In , 


Huglterjee t I k Id. »— _i_r t . fr.-i-. ri Ira -f b mv 
tliu Ill-Id 111 III.: Il_i-_|. I'-n.i m R.u-^l uru ny 


JtAli SIkIM llnulti.ir ul U.itvr hwii.ti, Uni- 
VuteUy -I Al.i.Uw, lull l*.iul .. , Al.i-ir 1 V./Ulj 
lw 'UI.I.AX L. 7-1. ‘I I 1 1. lit Uni-' --I II lie I Krovurta., 
Unlv.r.lt-. -'I M.uV.1, I -i III- i.il 1, A link a 'iv )U1I 


l'loc dva.i 1 .1 rrf || ■ l.'3--tl> 1 (llil) lw> Levs lu- 
CL-ullr appllnl f n-..i»-ir, lii llr.-. 1 1 .- ||„ onviuil 
vl liquid water In tl, v .-.II. Ii... le-.bmlque 

Duubur.j-i tliu -.i.apl.-* dli-li-. ill, ■•■n-1.1nl, whltb 

(a pr.qeirti-n.il «» th-. .ir- 1 --I liquid water 

p rawer, | In p-i— n-.|| 1. I Me- 1 1 Vert ul tl.r! 

windy W-t- dt'Velup (III- l n,.|.,-n Hill • Mild be 
lniil.ll led III llil- *i|.n- will, -il.ilcn n.-. h.mL< al 
dlaluck.uu.i- .uul l-t V«|.l»le llu te.i«lUllll> u( 
•InlnK Him flHi I r. hi, 1 .. r-.. l| ||„ r II,- I l.plld 
water imil.-nl 1 1.. .i.. v ||,.. yrreal.il lua 

ul ra.-liw. l |i-i 1 In • . . , >-1 ■ ii Trukea 62 «n 

Lung b-l i- e«k. 4dr.l -rl 41 III leal li-veln III elTTe- 
fiwus Mu. Pa in i-i.ivl-K a 1 I- Id aapp-.it. Wu u.ed 
*M ..ho muUI islili i.ii 11 uixiln.W linui. 16* 
wlinle a-.iu r.lilapr w.1-1 I ■■-- 1 ., 1 1.-. I Ji, I lie llelil 

pilur iu mewl all « nul m -i.elur# tbs anav ■ 
III U|irlii||. ball! n.-.i ,uii-n-ir|n wnfr l.'ten dutlop 
tliu M»Hine|| in- 1.1 I'll*.' .ui-l indUxtu tlinl Iba 

Bellied emil <1 In- I in nuiiltm rliu nn-woell 

pite-ulnu.iri In lie- dltlvlrlc ci’ii- 

iilam. leiHluRw varied |.i.lw...r I, I and I .I, whU* 

I tu a I Si|i,|.| w-il.-r ■•■ali-nl nf 0 Id 2 

purr' mil within th k. 


Bydrojaal c (lu rlel lug nf rh« 1 ..li.rJ.te FI a late 


F-.H. Davp (Hattnllc Pad He NnrthuMl Iwiborslorf- 
V. It. I lux or I, Kir l,lan-1 , VA 99352) 

1 * U l*.l . /ll-x a l • re ... ff 1 11 l.i.eal Tlhltrltorf) 


V. Ii. Itux 9VI, H 1 1 1, land , VA 99)52) 

C. H. Coin (Mallei li- FdcIfU Norllrwesl l.aborstoV 
F. H. bond (Dan olio Parlllv Norlliwoal teboretoTVI 

D. A. Eluftoinvin (lUMlnllfi J'fli’HIr ItoTtlrtlii 


Did orricu ul lla.-lwai Want,, isolation (CWO 
Jlrurlud llu- Aiinrui.reol "f prfi.el IVCBDii of G«»* 
luglr lou Ini lun Sval-rnu (AIM II) rtO*t*e IJ C#l “„ 

n 1 nrliimlogy iilrinil F® r 

■•emumnit l#rkn(H«en Cot Ihv lievartminit 01 *■*•» 
(INK) mu ay pi Ind I*, a nm-lrar wgxtn repos Itery 

IliO Pulls* (1, Plat ear, Kaawlln. H,pr,tliotlr*l ts?®® 1 

Inry fd'iril liinr nu vhid ne1nrl«'d Y*ir n* *cUu»ii 8®°” 
graphical nntl lug mi llm llaufutil Ho.eivil 1“ Jj® 
Utelo of UanliliiRlan. fubllmlieJ liylrelugle *" 
•“tic data niMwl In H,« MMityemH w«t« gnUiered w 
1979 ur cert Inc. Iln, hyil> 1 ,'hIc alnuleti## *** 
dlvldod into ihren duiJui yatixi 1) egulior * , "^ | i 
chatgo rale. ilm Imiu, 2) n regional hydioljl*® 
end 3) o lii.s I liydrulegle widel of P»»co Mein. 

TTilo pspur dlaiwiineo r.hn ri'Rlonel Model. , 

An esklmiile ot iha am.imit uf w»t*r 
through thn gtminJ-vster oyutum ws* taqulrad W 
bound tho irnnuralnalvlcy val'ioe nnd so ■ 

tlio erenamleo ivlty dlatr ll.ut lone for the "J7" . 
basalts. Thn mnltlplo layor Lwo-dlmsnaioMj 
oblo Thicknoee Trans lout (WTT) cods) was . 

as appropriate Tor tho amuunL of 6e*» avaljww 
ond for tho coniilclenw exleelng la eh ®, t, * l *J a . 
oyntems. Tlite modol iibd* a finite ,11) 

formulation to roproaonC tho partial difietw* 1 
flow oquettun. Tiro regional study nrta a* aj- 
flood for tho VTT nodol uee divided into 5* W 
square pAitarn with oaeh grid 5 klleMOtsrs on 
•Ido. the regional ayutmi woe modeled 0» * t 
potanclal eurfaco layer and two underlying » ® - 

layers. Tho raglonal model tiMbllekM 
dory condltione for cbe hydrologic model 01 
Bee In. 


Groundwater Flow and Tram 
rioca Baa aita et Determine 
SiarlrenU 


nrt Chsractorlltj 


kx-S. LE 0 HHM 1 T . R, L. MCKSOH, 0 . l» 
well HanTord Operations, Rlchlandi W , 99952 ) 

G. fj. THOMPSON (Unlvorslty or Ariion*) ■ . ; 

L, N. GELKAR (Kassathusaits Institute of Tech.) 


In conjunction wlUi a U.S. OepsrWWit of Wf9T - 
tpantored evaluation nf the toluAlk 
In tana of their suitability as a radlosCtl* 
WEta-stonge isedlui, a series bf grouedufte^ r , 

tracer axDarlHn|.a hafnn narfnrtoed. TtlB t*’. 


Tf oerai ly-evned Hanford Site. IT)# «» 9®^!1^ 
these tests are being usetf within nutejics . 
solute-tranjport models developed to pr«tf*ct 


*y. r ” r r ; •: 

To^t., two tacts have been :. .; 

f«HcCey Canyon baielt flow top of thaGrAnde^ . 


»« HcCqy Canyon belli t flow top of tha Grsnd^ . 
wnde Basalt Foma t fan. tatala h*s bew.S'fS . 
■ on determination of hydraulic paruRtert.-IjJJf 1 . 


uownnrrMcion or hWraUIIC parexmvai 

•h? ? on Bl tud j|i»I dlsperelvlty (a), and 
ttlcknoM. Certain qualitative Information "** . 
boon gained about caHon-eXchange phORCRtM*^ 

: test* utilized the two-woll v 


tracer technique within paired ber«f)ol« 
'^.tdopth to epproxiistely 17. ■ 

;!}* (•■Pth-of the test - Interval rehged , 


; The depth, of the teaflrttaml rehgod'ffo*J®J* t , ; 
WJ.* tolow lwd lurfeca. The first expert"* 1 
to Iodine-131 trader end the 
JjM ,< **dtotA*Hun tMocyaqate, .***5 

»1*11»r resulte ln UrxH of Ch# a^ Jh . 

25 1 ?*' a-Velue* ringed betwun Olfl tod 1 > 
nh- FMart between . 00 ? end ..003 M. 

W-rq dBtaln^ anelytlcelly by «atch 1"9 W* 

^t d filiM .concMtrqtlon varlatlob, the 
r^. m\U" Ubor&wry_in&lytet With*. dlRcrot* _ , 
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water tamplei for selected cations indicate that 
the arrival of the potaaslun (on peak at tha 
detection point w» accompanied by a significant 
Increase In sodlixn Ion concentration over back- 
ground. 

Bank licaaaloa and Channel Changes In tha Arss 
nf th* Barth Pols sad Floodway Sill Otoios. 
Tanga! giver ■ Alaska 

I.'UBSHCI ». OATTO (USACRUL, 72 Lyms Rood, 
Hsnavsr, Haw Hampshire 03755) 

Ths obJsEClVsa of this pro) act wars La 
measure bank raeasalon and describe chanasl 
aha ages Wore and »ftar groin eonatrueclon, 
sad co avalists relationship* b* tween rsesa- 
sIod, ehsonal migration, groin eoastructlon sad 
discharge. Aarlsl photography wsa used co up 
historical bsnUln* positions and to dacunsne 
ths channel ehsngaa froo 194B to 1981, 

Host beak recession assr ths Berth Polo 
groin occurred along tha north channel prior to 
1975 when ths groin was built, Th* grain 
diverted the channel away from ths north bank, 
although ths north channel appears to bo 
rssstsbllshlng a msandsr at ths sod of the 
groin, lank erosion along tho south channel 
Increased slightly after groin construction. 

Bank recession along thn north ehtnnsl 
star tha sill (nln averaged about 6,4 n/yr 
before and nftnr groin canal ruction. Kovnver, 
prior to const ruction neat of tho recsssloa 
occurred along ths north bank, while after con- 
struction moat of ths recession occurred along 
tha Island* In tha north channel. Booth 
oheenal bank reeesalan sversgod 5,5 m/yr from 
1970 to 1979. After grain construction in 
asrly 1979, racassloa averaged 7.6 n/yr fron 
1979 to 19SI. This suggests that the south 
channel hss s larger discharge since cons t ruc- 
tion than It hsd bafor*. 

Te civil qua for Hjbrfant Hus Eatlaataa fn a 


L. John 2aaan (water Quality Branch, Inland 
KEara Olractorata, Vancouver, B.C., 

V6E 349). 

Since 1976, ■ monitoring program of 

nutrient loading ha* bean carried out by tha 
Water Quality Brand, Pacific and VUKon Raglon 
■s an integral part of tha Canada -British 
ColteOla Okanagan Basin brplaaentatlon 
Agreement. The pTlmary goal of tha progcan 
was to desl^i ■ method for Improving tha 
precision of nutrient load estimation in order 
to provide sater management 
■1th a reliable measure on nutrient transport 
by tha Okanagan River to tha valley lakes 
located downstream from the saata treatment 
plants. 

Two sampling methods ware used for 
measurement' of concentration or primary 
nutrients, alnultanaoui and sequential 
methods. The simultaneous method, bared on 
collection or sample replicates, permits ths 
calculation of confidence limits of tha 
concentration means and tha total loads of 
nutrients passing through tha channel 
croas-aactlon. The sequential sampling 
method, used to obtain tlna aeries record* o' 
(Ingle point concent ration measurements does 
not permit the calculation of confidence 
limits. Precision of tha load data darivad 
fron sequential sampling method la, therefore, 
periodically conqjared with the results 
obtained by simultaneous methods. Consistency 
or load data la determined by the comparltot 
of results obtained by these two sampling 
methods and ate flat leal lv proved bv 
correlation analysis. 

CIIAUKED 01»5ftTliV Or 
Tm TARAWA nlYKR BLAB 
PAIRHAHK3, ALAdl'A 

ChMhO, Elw4 F. t Jr. (13.13. Army Coll Replans 

Reiaai-ah ao4 Sngi nwlng Lab u-x lory , Ft. 

Atewlpht. AK 0970* . 

ibpwu^ur. c, uimviilu-i 

Ths Tanan* Rlvu-r la a glecier-Pod aUuvlaJ , 
rivor with on av or a«a annual r c»>. riew nf 1T00 m J / 
s n»»r FairL-anha, Alaaka. Tho ohonnol put torn 
or the rlvar is bral-leU upairenra of the study 
reach and a j-pr cochin a noandorlng obumal 
through tba study roach. CruaD-accticma h»vo 
bean ■urvayad on tho rivor aluca 1?TT lh o*n- 
Juctioc. with ths ..‘crpa or Engineers Chons PI cod 
vontrc-l Frcjact . Dio surveys show up to 10 m/ 
ysor of lateral migration of tho mu in cnurmol, 

In icaia reach*' of tho rivor tho ohanovl aroDD- 
■eotlon hm chanced draiumtlcoLly lx, both tho 
vortical planes, »£*■ relation or .Icgradatlon, ond 
ths horltontal piano, channel shape and thalwag 
tdgrallon, The analysis proocnlud ohovo tho rv- 
lotlonnhlps bclweer, chonnol g.iomotry and cluuices 
In tb« river cauroo duo tc- iiaturol annual vnrla- 
tjoni an-1 influei^oo duo to j cent ruction aotlvl- 
tl« In tb« rivor. 


RWffl T. MM (Psrstrovloh i Nottingham, Ino., 
Anoboraga, AUsks 99503) 

cnLM * H (Ferstrovloh 4 Nottingham) 

,iI^. H S21‘ ,,r * fcpovloh 4 "ottlnghaRl 
LkSUT QMJyriHa (Feratrovloh k Hottloi|hsa) 

TM* paper presents ths gansrel hydrologic 
oharaolarlstles of tha atrssms looated on the 
!°total plain bstvaao tha Fuparuk klvsr snd the 
coiviii# klvsr on Alaska's North Slope. The 
ssta praainte* in this paper were gsthsred ovar 
,l « w ass sons by tha authora and 
others while working under oentroot with ABCO 
Alaska, Ino. 

FolUwliig * general discussion of th* gsographio 
ted ollmitlo sitting for Ihosa streams, there 
* dleausaion or several lreortant 
ayroroiesla psramstere which derma tha 
tolqisnesa of streams flowing in this 
teviroomsnt. From disubarge msssursManta, 
J®*V” ftlr lypioal alopsa, Hanning's rough neia 
reotors, *nd Corlolla energy ooefflaUnts ire 
presented. 

tn2li ly * • “to fleod rrequeooy analysis for 
»*.!!-. "C 5 *" **“ beM developed oping a Log 
w?Jh*? Ty ?* 111 dlatrlbutloo in oonjunotloa 
T ?*ional skew walgfatlng analysis. The 
? r 441 anslyel# ts a set or frequency 
areT rW dl,ohBr ** P* r unit ore* va. drainage 

mo.!? J?, 1 ? - thmt W** tote preeaatad lo this 

ntesi.. , aorvB ■■ ■ baseline for future 

studies in aDr i h al()p , 

J^hin Air Pollution Purine lea Fed Episodes 

lOiMgM (Beophyslesl initltuta, Ikiivarslty 
C R F JiS ka f F ; ,r *»tolis. AK 99701) 

M rS&J. ; A ‘ BOIfLIHa, C. FEIST, r. OHTAKE 

Md *■ ^ (Ikil vanity of Alstka, Fslrbinks). 

l«M*.^Il- a,r P 0, * ut 1 0,1 during winter st high 
DhvliretVi" 5" ‘Unlftcsntly different In Us 

tha rj C - f -_. ? d Ch “ , d al propsrtlflS SI COmpAred tO 
If studied wsrwer temperature counter- 
0, :!■ *«1cAl, physical and biological tests 
Ice JL. P 2l 1 « ut i l ' t * ,n Falrba "ki, Alaska from the 
a fog apfsods of Oscember, 1980 are. presented, 

rath! a ![ Products tend to ba reduced, 

ovs! Nitric oxide predominates 

tom,!, . ® dioxide. Ozone Is totally expended, 
nlteate c<w, F an ^ r,t,ons «:*" ha higher than tna 
and !nL^! t ! nt . ,n the f »‘Iout. Halted lee fog 
sow b4 ! ,c r *J hw th,n RCMU. 11 
ths ■!ite! n J e f 2 r nltrososmlna production, and 
i"« Railed ice fog it », u togenlc; 

^ ®reatorU ? loa of , pellutsd 

(Oaophyslonl Institute, Dolverelty et 
< reirbanko, Alaska 99701) 

Censor. Rolf * 


"“««ad at Barrow, Alaska s.. 8 gast 
that tha Arctic atnoaphara during wlnter/aprLng 
con La las datectebla omouatt or snthropaganle 
pollution IrcB Bld-lacitudan. In oast tens* 
peaks of concent, cion a or sreasa vanadium *nd 
sxcass manga nano ren bo associated with quaol- 
pers latent surface cltculatten patterns cresting 
alttlnct pathways from ths source areas ta -Barrow. 

Salopian of nitooraloglcat characterise lc* of 
air masnai aaiumsd to carry tha pollutants am 
p relented. From surfaca and 85D mb data It 
sppsara that Lhasa sir aaasae are assoclatad alth 

catdor, Ians cloudy, more windy, and more 
ontUyclanic candttloas chan tha monthly nvaraga. 
Om to Imufflelant data it la not yat posalbls 
to diffaront late pollut'd nlr Basses chat hare 
entered Barrow along dlllnrant traaaport pschuiyi. 


Hlxliio Height* In Caw 
tpuades nr moderTTe - 


•town FsjrbMki During 
:o severe Air poiiuLlan 


S^AiBOHLlllG (Geophyilca) institute, 

Dnlvsriity of Alaska, Fairbanks, Ak. 99701, ) 
(Sponsor i Kolf Jayaweeri) 

On three occasions during tha 1981-82 
winter, we succeeded In measuring temperatures 
In the fist 100 m of ths atmosphere in end 
outside of Fslrbinks. Tempera lures oerner 
then the background were observed to extend 
no higher then 4tt n In the elky soundlngg. 

On the two soundings with CO concentrations 
above 10 ppm. norwl lapse rates were 
observed only fn the lorest 10 m. City 
measurements were made within 160 m of the 
main carbon monoxide monitoring Intake, so 
the mixing heights measured, which are 
const derebly lower then nad previously been 
estimated, should be representative of 
those associated ultn high CO levels In 
Fairbanks, 


WALTER TAPE tDopartnanc of H« theaa Meal Sci- 
ences, University of Alaska, Fairbanks, Alaska 
99701) 

Many lea cryecal halos lo tha sky can be 
visualized she trace ly as foldod or pleated 
rubber sheets. Ths halo function Is tha mapping 
that sxpraaaaa points of light on tba ca lost 1st 
tphara as a function of crystal orlontatlon. 

To form a given halo, eba halo function slaves 
with a certain surfaca, capreBeotlng crystal 
orientations that produca the halo, chan folds 
or plssts the surface, and than lays It on (he 
celestial sphere. Tho halo tends to bo bright- 
est at the folds and pleats, alncu this la vhara 
relatively many crystal orientation' ara leading 
light to tha aye. 


Oceanography 


Ml 2X3: Some Implications with Respect to the 
Breufcrt See 

R.O. HiIEKCh (Science Applications, Inc. /Northwest, 

13-MOB Wort hr up Hay *36. Bellevue, HA 98005) 

The Harqlnal tee Tone Experiment (HIZEt) is an 
interdisciplinary research program which seeks to 
better understand th# processes which occur at 
and near bounder!#! between sea 1c# end open wa- 
ter. jome specific problems being addressed ar« 
those relating to the seasonal and Inleranmial 
variation* In ice edge locations, th# oceanogra- 
phic and meteorological processes unique in <ce 
edges and the characteristic properties of ice 
along the edges. To acquire tnforautlon perti- 
nent to these problems nil or field, analysis and 
modeling programs are planned for the Bering and 
East Greenland 5#e marginal Ice m»s. 

Results from the WZEx program will be directly 
applicable to maqy aspects of the Beaufort Sea 
suntner Ice edge region. Increased understanding 
of the complex Interrelations batwesn northern 
hemisphere Ice edge location and large-scale me- 
teorologies) parameter* will entente long-term 
predictability. The results of analysis and "»d- 
ulin-j efforts -jn lev tlyu related fr-n'jl ,t<u' 
tu> es will boar b-Hh upon studies of small-scale 
ice motions end biological productivity at end 
near the edge. Hew Information on Ice melting 
and freezing processes will aid (n the prediction 
of small-scale Ice edge behaviour and will en- 
hance our understanding of ofl-lce Interaction. 
Finally, development of methods for modeling sea 
Ice behevlour In tha marginal Ice zones will en- 
hance both short-term predictive models and the 
eblllty to estimate hazard* posed by the Ice to 
structures. 


Hnrch. 1976 

LYH KCNIITT (P.Q. Borcho and Awaoeloton Limited, 
640 lien Avenuo BiW. ■ Calgary, Canada T2B Oil) 

Stud Cub of as t a Lilt a imagery show tha loca- 
tions of recurring winter polynynn in tha oaet- 
arn Baring Bob. Thay also provlda Information 
on floa voloclcioe to ehoen areaa for the aaa* 
tlana, end Indicate a pradoalnaoc nurth-noreh- 
aaatatiy wlntor wind rngtoo. Cloud* obscure 
chLs region during periods of southerly wind 
flow sad blaa the dee* to cloud-free conditions. 
Occasionally, cloude remain lo eba «du churn 
portion of eba imagery, exposing tha northern 
polynyse for aoslyeln. Thane condltiona axlstsd 
In Hnrch, 1976. Using th* HB7L18 program, wlud- 
■psads eupsrimpoeod on polynys snd flo« maps 
show ths correlation of ics motion with ths 
shifting wind sod Indicate tbs response time 
from tha onset of the winds until th* change* 
in tb# feature* occur, Thn floa wotlona aeon 
correlate wall with dsea from remote stations 
taken on th* les during similar conditions. 


H. J. eiKBAPgl (Institute of Kertoe Solsnes. 

italvaraicy of Alecks, Fairbanks, Alaska 99701) 
T. AUXMTWt (Institute ol Kit Ins Iclmcs, 

University of Alaska, Fairbanks, Alaska 99701) 

Seasonal pack lc* edge souse ere air-ice-sas 
frontal systems that offer tbs opportunity to 
study the eoapling of m* More logical, red 
physical and bio logical oesansgrsphte protases* 
tbac ere ocncsatrntsd' In time and spans. In 
spring 1982 * nrulsa co tbs Baring lue edge sons 
was «,<« to address questions on chn role of 
phyilcnl pro os as os to nod la ting spring phyto- 
plankton blooms. Fhyetesi (T*C, S*/. ( ) and 
biochemical (nhlorophyl, SO|, etc.) 
pblc data ars presented sddrsaalng tha rein of 
oprlng lo# malt In th* spring bloom In ttt* 
frontal system. 


T. 8. HDSTV (Institute of OaeaO Sclent**, P.O. 

Bos 6000, flldqey, British ColteblB, V8L 482) 

Major earthquakes capable of geMrsttog taun- 
amls have occncrsd la tha past sc various loca- 
tions to tha Canadian Arctic, Including phe 
Beaufort Ba*. Although not frequent, tb* tsnn- 
AbIi than gaasrstsd can present problems to 
toasts! snd offshore works. Bren more sarldus 
than the tanusmla are tbs start surge! that 
occur quits regularly In tha Canadian frotlc, 
and nspsctally In' tbs BBaufort Bsc- For sxampla, 
twenty- bAvbd significant nurgan with replltndns 
of onn retnr or grascar hav* -occurred daring, 
am elmvss y*«r pci id ■ The negative sure eutf- ■■ 
gas can create piobleas for navigation, in tbs 
shallow raglon* of tn* soatham pert #( ths 
Baku fort toe. 

Ire appears to drep.pnBl^Ve atore evegee 
muab rer* strongly thop nsgatlvp saigas. 1 Jstef- 
slvs lc* enter to -the »h*Ltop» bay* of eh* Boaeft- 
ern Bssnfart lit can site* ths pwriodB Of free 
oscillations so that tbs rtkonsnoB 0^41 e lea tioo 
of surge*. could be quit# dlffsrent from winter 


ta sumac pat toll. F rehab LLLty aat-inaLss coda 
using various technique* show that, to ths 
Southern Beaufort Ssa, return periods of major 
surges ars about ihren co five years. To study 
thn davalapnonr, propagation snd amplification 
of scorn surges , ic 1 b nacesatry ta raaolve tha 
topography adequate Ly end this tea be tdilsvad 
through thn davnlopnant of Crrogular crlwngular 
grid mods la. 

Oreanigraah lc Obanrvtc ions i 
Went End Simpson Lagoon 

T.J. Watogarrnar (Woodward-Clyda Consulcasta, 
Anchoraga) 

J.H. Co Lone 11 IVoodward-Clyds Connultanra, 
Anchoraga) 

To provlda s character lut ion of snarer 
oceanographic condltione near dllktok Point at 
thn wont and of Simpson Lagoon, hydrographic 
and current dare warn collaccad during tha 1981 
opan-wBtsr aaasoa. Shallow depths <<]■) and 
small astrononlcal tide («2Q rn) in this area 
esuta tc co b* pr tastily a wind-driven mysum, 
alallar to other nearshore mura of the 
■soufore Ssa. Tha lnflnsncs of ths nearby 
ColvIU* Bivsr (largest river on ths Alaskan 
North Slope) Is evident In major conclusions 
drawn from this study i 

ll) Frash water Is sdvsctad lore wasters 
Stepson Lagoon is substantial 
quantities during vaatsrly wind manta, 
with lmrsat asllnitlss occurring 
nor than t of allktok Point das rn 
deflect ten et the pinna by tha point] 

(2) Strong horizontal and vertical dons try 
g rad tones ars established is s remit 
of the coaflusnca of narlna and 
riverine waters to this aras| serving 
ta dallalL cLwrly th* boandsrLes nf 
cbe fresh water plums under moat wind 
condition!. 

Raoul to serve to underscore ocher observations 
of chi dynamic and responsive charterer of ths 
nearshore Beaufort gas, 

Ocaantisraohic Impact of the 

NudW Bay Causeway 


J.H. Colong]! (Usodvard-Clyde Consultants, 

Anchoraga ) 

P . A . Kanga rails ( Uc - odwsrd-Clyda Consultants , 

Sao Frsncl'cel 

T . J . Usingartnir ( Uoodwsrd-Clyda Consultants , 

Anchotsga ) 

Ocaanographic data collaccad atound the 4 -Va 
long grsvsl - f 111 csuaawsy at Prudhoa Bay 
provide loalght to rha Impact of such 
i cruet urea on eh * nearshore Beaufort Sis 
anvironaMDt . Hydro - 
graphic ( CTP ) surveys and rlna aarlea of 
currents , conductivity , end lanpttatura wart 
obtain'd In AuguH-SaptsnbSc 1981 , a parted 
refarrod re as tha lice opnn-vater sssson . 

Bscsuss of Its shallow depths (• 5 ml and 
snail aatr-intmlcal elds (-20 tn ) , ths naarahors 
Buuforc las is tasantlally a wind-driven 
systca . Prawaillng rearer I Is * and 

acora-ralatad waarerllas are tba wind regime ! 
of Interest . The northward orianratton of tlia 
tausavay , in tort Inal ion with tho ganorally 
sett-wait configuration of rha c-iaarllaa and 
barriar Islaada , cause daveiopaant of dynamical 
faacuroa chat correlate wall with wind 
direction ! 

(II Cm rha windward slda of th * caonawav no 
offahora-dtroctod buoyant jar la cauaod 
by later nipt tea ot th* Longshore flaw, 
sad 

(2 i Upwslltng occurs on ths Isa side of ths 
causeway . 

On * conmiquanu of three (ssturas Is that 
■ sltolEls * differ froa ona slda of tha causeway 

■ a rh»* 1. > ,< r-i*h ,r 1-1 pp» Orter 

cffccta of the reuaavay Inrlud* tnl>nall Icatlaa 
of tidal currants In ita vicinity and 
tllaratloa of flushing tlmas for tha hd)atcat 
barriar UUad lagooa. 


THOHAS C. govgl (Institute of Marina gelanca 
University af Alaika, Fairbanks, Alaska 99701) 

Tha narrow, totsnsa, coastal currant border- 
ing tha Cull nf Alaska to a phenomena that re- 
ap and a to many of the rsgtoa's geological 
f ssturas and influence* Its ocaanographic pro- 
cesses. Ths barocllnic portion of this currant 
displays a ssasosal response n ths corneal 
runoff, but ths correct is also modified by the 
local wind*. Ths runoff hart Is dopsndsnt not 
only on tho precipitation rata but boesuas 
approximately 20* of tha drainage area in core rod 
with glaciers, lc Is also dependant on sir esmp- 
srscura sod Insolation. 

Than ara nony slmllsrtciss between tha 
Alaska Coastal Currant and other high latitude 
currants, such as tba mrvsglon Co «»tel Currant, 
However, It Is unique in Choc tba wind system 
over tbs Gulf of Alaska never reveres* tbs coast- 
al flow. 

Tha coastal current JU tha major future of 
ths coastal circulation. It controls tha niar- 
sbora and aacurtos distribution* of sediments, 
nutrients and nartoa organisms. Because coastal 
waters froa tbs Gulf of Alaska antat tha Boring 
and bancs tbs BaauEort Be*, tbta coastal current 
sets as a source for thsaa areaa. It con also 
b* crasldsrtd as s major source of low salinity 
water for ths North Pacific Ocean- The Implicit- 
tisu la that this co" cal fssrurs cnnld affact tb* 

dssp ocean circulation. 

New research efforts ara underway to dsfton 
Bssaur* bat ear ths ocssnogrtphls propercin* of 
this flow. Bydrographto, currant nicer, mstso- 
ro logical, ohmxlcal and plankton a Cod l m ara balng 
plans id, 

A C"S of lotlnx 

fUBCOm A. VATPA (Institute of Martas Science, 

Ihtvwralcy of Alaska, Fairbanks, Alaska 99701) 

th* Alaska OoMtal Currant is n Ctorasly msi- 
gatlo narrow bind of brackish wstar which flows 
Mxcvard along ths northern Gulf of Alaska 
bordsrlng ths rocky southern nut of Alaska. 

Ics source Inputs ars tbs high rats ot frssh- 
vsear rbnoff Iran tha coast snd ths insidious 
Longshore easterly wind. Ths freitmster Influx 
caussa a cross ahalf daaslty gradient wblob 
drives * longqbors barocllnic current- The. 

■bo reward BRnsa ersnsporc, which results fron 
the longshore wind, tends ta secrets ths 
brackish uatsr Into a narrow band snd thus 
■sluts ins. the Integrity of tha flow. . 

Ik til recently chs axtant of tbs collusion 
bscvssa chs longshore transport Snd tha wind 
was unknown, nto paper peasants an anew 
balance to msasrtalu tha ralatlva contribution t 
of wind and fraahvatar to tha longshore 
transport. 


DAVID L. IB 1 H lined tot# af Nartoa Iclamoa, 

Qolvaraltf at Alaska, Fairbanks, Alaska 99701) 

. Currant Wear and hydrographic data at* hkad. ; 
co dsssrlbs tha circulation In gmaatoa Bay,; a 
alllad fjord to southasaeani Alaska.. Tha regtom 
has niatlvnly Ugh precipitation rare* aod 
- laegs cldsa, A dnmlsant fssture Is I not 
outflow near sill depth during much of 'tha yaar. 
Bee outflows at tha sill have, bare ofZRxai. 
durtok.tim#* qf high 'tonal discharge and during, 
bo eeo* water rensvsl. toother deml«ane future '- 
la ths Inflow' at 15 go 30 m, This uflnw to 
S*n*r»lly cosstdaffd to 6a s gait eoflcinplty 
flaw iMcaismrF to rspltnfsh. aolti loiC chroUgh ,, 
sa *ward transport of tha surfaca brasUsh ;) . ' , 
toysr. -i '' . 


Spsculiclons as co chs cauann of t-ba *111- 
da-ch outflow ars praaanced and ralacad to tb# 
wL-.»-. ’circulation. 

W3 WPKAOfBS TO WAVE BIKDCAanMS 

Pavid p. kwhrI ttayal Hoato Military OczUror, 

W), VtotoriA, B.C. , VM ISO) 

Iha rearalta of buo appioachsfl ta trindoasting 
wind wavbb in United foU* coastal araas ua 
psMtad and oaipaimd, Both methoda uom 
mdjustmd ofceerad wind rmooeda tosLch ara 
rtfsceaitatlve of the vm goners ting area. 
ear uaet axretal engineering application#, 

» knodedga of the frequency dlatributionm 
of wvs Iwighta and periods is required. 

Dim too ajprcschei eqpioyad to resdi than* 
end prcdtxAa nrai 

(1) datomdne thn frequonoy diatrlDutionm 
of Him! htodcaated Cxi on hourly 
basis fccre hourly wind greeds and 
direction* ctaHxved over a tan year 
period, and 

(2) hindcast CfaB frequsnoy dtotributton 
of wovea from tha frequently 
dlstrlbutlonn of wind opoed and 
direct! cxi owr ths atom tan yaar 
period, lbs latter nethid to much 
Bliqptor tout BBsunam that ths wind 
Miuofl arm fete* Undtmd and not 
ilapaKiait upon the wird duration. 

Ths bo result# of tha wave hlndcaaftm for 
tw coastal JonationR arm oenpand In 
datalli OonaK, Unnmr inland shore 
ftotohoa ore 3man than 50 ka in ths Strait 
of Oeargla and southreatmix) Newfoundland 
whars fotchna are up bo 350 km in the 
Ollf of St. lAWSnoa. 

Bridv Dlffunl ultlaa and f!«p Ex - 
c han ge Bakm Hstlwatma using RAPQH 

DAVID B. PLOVER (InutitutS Of HoEillR 
Bclsnoe onivaxBity of Alanka Fairbanks, 
Alaska 99701) 

WILLIAM B. HEBBURQH 

Tha diatrlbutian of radon-222 and 
rsdlun-226 w»b invoatlgated in tho 
PROBIB pro] act gist of the Bouthssntarn 
Baring floa, A largo and fairly anlforsi 
radon-222 flux from tha aidLnent leads 
to a email or ronex latent radon 
daflolsnay at the bbb surfaca In tha 
■hallow regions. Integrated zsdon-222 
deflcianaios have bsnn used to caloulets 
stagnant flln thicknsases and gas ex- 
change ratms, bo this high bottom tadon 
flux compl 1 ca ta s calculation of gas ex- 
change rates here. Tidal nixing near 
tho bottom ia an Intones that It es- 
quires two-dlBsnaLonal modeling to ex- 
plain tha benthic addy dllEuatvlty data. 
Padlum-226 in tha area baa two distinct 
signatures with the Off shelf water B 
balng approximately a factor of 2-1 
higher than tha an ahalf watara. Ha have 
•xploitad this difference in Rhelf break 
fLne structure atudiea. A cross shelf 
section of rad lun- 2 26 has naslnun# and 
minimum suggesting Influence by 
biological aotlwltf. 

PsrUtl Prettursof t«rMn Pfotije from pit «nj 


T. A. C0:i«k (Gboi 


t (Gnophjrjtcal InjMtu 
7 Fairbanks, AF. 99 ) 01 ) 


tula. Uni vr-slljr 


J. J. FElLET ( hell lute af Marine Silence, 
University n( AlAtka, Fslrbtnkk, Ak 99701) 

Th# partial prsiturc of artion dfoxfda In s«4 
malar can ba rspldly «nd see u at# I y (« 6 ppm) 
dalsrnlnsd from a corractcd In-aitu pH and th* 
salinity (* 0.27**) -ai sfiowi in equal loot (1) 
and (2) 

rco, ■ 9 d*£ cn 

PHC • pH • (pH a sal/ 1000) (i) 

There will he a dltcuailnn of the «» wAter 
carbon dioxide-carbonate tyitsm fron « slightly 
different perspective. Comparison of PCOj « 
determined from classical calculation, direct ab- 
tirvstlnn and this new aathod wMl be presented. 
Tha new method hai heen successfully anployed 
since Its discovery In 1979 for deep as well *v 
surface water samples . On the N.B.5. reference 
■' (equation 1) 


pH scale the values for and “n* (equ 
ore 3.98 x Id 20 and - 19.568 respectively. 


Seismology 


Ben chnrlotta Fault 


n, n. ympsa (Poclflo GnoMClanc* Contra, Earth 

Fhyalca Branch, P.O. Box 6000, Sidney, B.C. 

Cusd* V«L 4B2) 

toloeatlra of aarthquak" that h*vw occurrad 
along th* Quean Chariot t* Fault nine* 1900 
Indicate* chat two aatomlc gaps uy currautly 
srtsc. Ona which ban previously bins idanclftod, 
U*s to tha north of eh* $•*■■> ChorinCt* LsLuito, 
bstvssn ths uareJi snd of th* nfretahack can* of 
th* 1949 Qirnaq Chs riot tn t*l#nda> aarthquakm 
(M - B.l) sod th* 1972 Eleka wnrchquafc** 

(H - 7.6). It may hn up co LSD km to lnngch. 

Th* othar gap L* iouacmd b*cwa*n the *Diith and 
of th* 1949 •ftonbadc ran* and tha L970 
Capa Bt. Jsmaa urthqoaka (M - 7). Thi* to a 
region about 75 km to laagth, which has one 
axparianead ■ major aarthquaka alnca at taut th* 
turn of th* cancury. Sine* 1930, It can b* 
conflrand chat tha region baa also baan dawoid 
ol modarsto *hatka. Eaethquakoa with nacplcudoa 
of about 7-3/4 and 7-1/2 nipactiwaly, would hm 
required tn completely fUX thus tva gap*. 

Ms-IUlg E 

AL 


a.c. JAOPW and L.D, SLAB (Traa-ldng uibD rabory , 
bu*cnt-Ooh*rty Gnologlcal (bmivituy of Colimhla 
ttilvmreity, Pallasdan, b.y. 10944 ) 

This study and ittsi* dm that txear-rlnq 
■nalyal* can provld* in forma tiwi shout past majoz 
saxthquBk* * rents, if occur rnacm a)d ntunanm 
of laxqsi pca-blntorla * rents cm bn dntanland 
. by tna-rliig annlynln, thin information w Ul bn 
in toportaar addition to cM pal#o#ai#aol«qlcal 
record. 

Deal' onrUiqualMi occurred to BaptnteMr IBM 
cn th* KMthHiun const of Alaska rear icy Capa 
(vast shore of Icy Bay) , a* arms now inoludnd 
within tha Yxkstsgi aalomio gap, Dus to glacial 
oovarag* nf tha present bay area to 1699 and to 
tha ntaralty of ctaorvoxa, tectonic dmforaatlon 
at Icy Capa related ta tha*m earthquakes went 
- uirtcorded. 

Tree- ring analysis mhoM toprovod radial- 
growth rates after I 960 tor Uf#to at two loos- 
titma oo ths wwnwtd mmrglp of a hypothulnad 
ptrlfH wave -banter shoreLLnw. Th* oldaat trams 
fouia oo ths aurfsem batman thsmm tre*s sod th#' 
pimsant shore tins started, gnwjxiq 1902 , In 

addition principal oampeaabt uulymto ol th* 
traa-rlng data drum 1 B 80 through 1930 todloatea 
chat e)i* tree* at tba terxare margin ptow a cor 

■ mom low-frtxponcy gtodth trend that dll fore from 
Inland Uni. Tha- tr* * rin) mvldane* and Ul* 

.gMBDrpholOyy pin to axptotomd by local uplift at 
lay Cap# Snd/oy bf rapid influx of aedimnata from 
anteodimd bmaAretee. arnan and maltvatar rrnm re- 
treating giaalwrq. • 

•' SajWc Activity In the vicinity or . 

fcnqraqe, A lastj, l W-M 1 ty ~ 

■ Slthais v . ' ' ; 

;■■■ * u * s - CtoTogleil Survdy, Hsnlp Park. CA 9405^1 . 

. We hays' rev! sued ssrlbquakas ■ located wltbln 

' k" “f AWlhorpBe during . 1 9 «-K v utt llrlrtg . .; - 
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asRhaaatam adga at aha Pacific Plata and , In 
interior Alaska, with the locus of ell ahoilou 
(h JO In} earthquake, of nagnituda grantor chan 
aw. Thin coincldnca laadn to tha apaculation 
JJst thaia interior Aina in aarthquakaa ara occur- 
riB| along a principal allp-lina raaulclne froa 
eha callialon of cha Pacific and North Aaerlean 
rUHfi ia che Gulf oT Alaaka region. Here che 
ane analogy to a rigid laden tar (Pacific Plata) 
punching into an alaaclc/plaaric nutria! 

(Alaikal ia lined aa did Holnar end Taaponnlor 
for the cut of lad It colliding with Eunala. 
it U ut anggeictd that thia allp-lina rapre- 
««ti a particular fwlf arcing through cuicral 
UaiM| rathar that It rapraaanca a curvilinear 
loaa o( high a treea within which favorably 
oElanied, praaalailng fanlis ara taietiwated. 


Volcanology 


r,rcl,rT tfal " nlf fefe 


S ^Ku c ^ Ig . ( ; u,v ‘ 0l,i,ien ot SNUalcel 
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Alaaka Siege naar Fanwall, Alaska, gacuic 
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flew, ud dtkaa chat coll.ctinw eovsr 
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'ewel or present expos?™ ‘ ,ept ' 1 * th *n the 

during tho crystal HgatTonTf 

jgnaaua , . 

srrr- 

Falrhug,, „ 99 , 01) 
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•odeeitea <upo IBd aI , ” n "- atcl “Pyw*», 

r« group ■ S. IT n thB th. 

■h fi , B*le«ntohod ehalcally hw l 

■ b (loan than Ji "P lower 

end evnrair a u . ,lta 1,1 * od , 

■nd Hg p r si 4 ?^ l,3,,0 ‘‘ H *SS Pi, 3*«0,, 

reyjrajjS!^, ra. PBce | WBi “ “J 

coaipo.lttoa van., batvom a P *' , 8«orl.,a 
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o»u HXIWOI 10 iTHJ U, Ihe Sharp «■ 

aliallgnment of tho Xitmal and Took Inlet ,yl- 
Cinoes Is nlmtcked by the subduettnq platu which 
does strike more northerly In Coni Inlnt, r.’vilt- 
Ing In a 35 ‘ divergence of plair plungu and pl.ur 
convergence, but (.he lateral -arplnq of th,. s„(,_ 
duettng plate occurs smoolhly and aa have not 
found iny seismic evidence for hlnqe or tear 
faulting near the pivot point of volcanic mis. 
alignment at Ksguyak Cal dor a. 

Regular, wide spaclnq nf volcanic cunters In 

rwr ehJ*in 5 n ? C,ose al ’dinent or volcinws 

over the 100 km depth contour to the Dcniorr f,n« 

? ,-P,r nl mintl8 fr.n 

gravitationally unstable narrovnantle saiirte 

* hB ,K4t,0n of ‘"MO volcanoes, 
wl^xni? * P “ ,B,, ■•wlMtailon of the 

f th r f ,pect t0 lhe slrlle of tho 
Binioff lone, strong tectonic control of .olcano 

3 te ? d6ncy tward »re evolved lavas 
^ d lati7i a | f “[ Wt 08 ,n Katna1 ■ Jy k« the result 
? 't*™ 4n ' , stora 9 e of rijq-M along 

SSttwSS^ dMP,jr P00lw B,nMc ' 1,jp,p ' 


Patrolpav and 
Hiemian Are 


On tat Ion in the Faster n 


SAHIIEL E. SHAHS OM 

<1 . k ttwth 4t! BMBhyslcal Institute 
University of Alaska, Falrbanki, Ax W01) 

d 1 0rfeS 4 s if A f eut I an volcanic arc can be 
vn?r.??, ?i? ■ aJor based upon 

M cal thl i SSk n i f n ? ,,0,can0 *P* ,n 'i. B»>1ch 

, be ( ? 0k . nl,t a,d lhe Katie] I segments. 
alhllL U h L B f Ster ? Al8ljt,an *"c a « calc- 
With mlSer da^^lTiV Ul +W™"" andesite 
S » SSJM55 £ “f 11, ■WH l* Is found 

^*ffi3R?a6u3tnr 

inkMav,; (sio, .gf sii c :? 1 

fe^B^csrasrar 

are M nly coreosed of daclte wllh“^ 

s^^Ksswass?-- 

is the most abundant lltholoqy. OiemlciJlv 

fe ir ^t^aVv ic 8 ;^ „ n r st 

4, SS wkanoas’ara SHl“ f 5 >^tUt1on. 

aSKfl®S3« s 

EsaSESt^^ 

character /tffwSi'fiSf "VFtiES}'* 
jtflphan 0. Hal era 

Qirlatlna Boyko (Both at Qaoeh.ai,, 

Sn;i wSSS s 

g^ssaB® 

fS fl " a «>«*• located awav 

rrca tilt volcano hma h i a 9 
Inpulslve arrivals 

have mdri« in t Z Tn ® ,ava ™b 

■ruptrona. sTISrSc. 7^!, "JZ *° 

^r h d r r r ca 7^“ r '- 

a "d fol lowing erwtkw 7T i dUr,nB 

s^itwwa 

activity or at leoat 6 **!? "'■ I ‘ eru f> t,n 
Tauiporjl ch|Sq..7S ‘ * a# 
the low HE r "“* B "I 

nvantal haT ZVn “*?«***• (typ. 2 
the I nat nlna wStim? f " he, P ferecaat 

Sr? if 

gram.. Nith«? a, '«>- 

the vslocitv knowledge ot 

relative ‘he 

"Bhrly inpotilble. ™° 



4JMfia orw,lt SeaLlle, wa'b ^ 1 Pr ° ar,m - AK’M, UnW. 

« ogyfeuphyaice Prograa, lh,l,. MlE _ ’ Sth.r' dlf 5?^* -S*' Dru P Uo h 

‘ ,k *' fBl'bmihj, AX 99701) 

? r> S. g. Sua naan) rf"",, 1138 lh * llow (« km) earth™ ? BBpar < ft 'H km) 

Bit pravtaua deme-bulldina arm.n* 8 * oharao lerliUo 

Sr* ^ssyasSS 

... «Tm “ d a "r^:“ ^ »szz' u °- 
m * Srt=sSS£S , -srsa: 

‘•*•1 fcwsteqil,^ ; r,nlt al 8h * llw - JgUBfAS jT^nT^ ■ aa 

™Z\z:r 

^SrSSSas vsss. 

mmm® 

tes.'® fa «-s5 i i 

rX fJfi 1 * CwXJtHfLxs? if Katnti ^ ■ “? 9 ‘ hi sSSSiStaU^Sr ar * •2JSU-: 


mo Itr.'iij n.alrast pf hlqS v(1 , *» t« 

* sires l.c todies. | llch „ rrniral 
de-rt. il is, dues xn.i i a , a ft", *?i.£7 p,,, »* 
.Oli. cl I y 1 ■■( r rf I’.IJr.f an.i crrlvlri’i. « 
depuslts. hay-tr Ac I nq rwJHgjS* JWgflle 
gra-s Illustrating these nff c ,t, “JJ; 

l Mr.rnl iwi. iit ](,,.„(, | \.. d , r a ,, .. 

U^iLWlsives, ^..uthjy ^j^n 5 *^ a 

Alsisa has (nun recording , n j|| [ flJ l?J B J ,hen ' 
eertivwjtes ar 0u nj d - M , k 
■fcddubt, an,) Ill*-nj-.. C st n f a ? 5 ? , *' 3 A ,rr . 
««au, P Jf their 

ha.o been ruutlnnlv IfliJltj' h* S,HC “ 

..-rSK.r; sssat 
3 , -TS.'Sk-£'.5£i“5X 

dn BFtew&dilSelVil? 

wlthln'dO tm pat,,fn 

St^ s ~ i Sf5«Sr 

spu 1 "? t\]VXZ ,s>H L mv :r 

I9d2, muru than lw snan u J‘ shucks s?jfl2? thin 
appear to originate at si,ili 0 - depth rear^tn* 

pro««esVS??fi?il^L?““Jj/ r ” ”j“ Mc 

avalanching or glacial movement. Is unrewlyed. 

U ai'Jff - " lv - ‘’ f and detybyt- 

C, S XnkH' : U ' f** AK 9970*1 

?r iLlif r,i ' l “! 1,6 '■ ,,l lniilsusa, Unlvet.lty 

ataaV.1, 1.1 1 rl.-int „ , ,\K •fHhm) 

t r^f , r!" K ‘".‘T' U,c,r '‘ l activity h „ ln . 

wruae,.) Jr ., nill ,, v llfc er onorf 

* fv? iruuT ' 1 '■ 1 1''>( ■■■! u,v r In ,( , It . Vldn . 

0-1 1 n »^u . .|.fc, 4 . ...kc uf glacier 

ImUor. ' l !‘" Cr ' lc ' J r-nna el 

,11^ "*■" 1,1 l>..4l II.. w with claw 

fi^ f ? llU " r •'|..rlr.uv. Slim, like heal 

Uk. i taler hu fvl- 

luwwd « varlahlu yntt-r.i ..( -.ciivlu -Id. peak 

oc’-urMn* l “ f‘ 7-. . .vi.| fl«u. flic unaac 

ln r " ,n 1 " 1 l ’ • h.it.Ktwt li.-d bv n rapid 

S?*, 1,1 h - u ft- -**r tw.'-vou period. U.IL 
ImcX SS l '" W: '■*•* 111 «MvU,w...t 
*0 M 0 ?■ chUo - ,t ‘ , ‘ h r. I.ulcr cni.-rlaaliri 
i)u “7* «» -"l In-iC.-l |.rr-lH,i heal rt.<u at 
f?M Vv Cr - T "- ' U * n 1,1 '-tlvitv |,„vc been 

' V; ,| ' at fu- te 

Ki.Klel-t.-vur.-d .in. hv l..(. r. n.-e i„ (.»- 

Hi* • I.- i*.v I during 

L" "' 1 "; "*t'vli/ he. algal r I finely 

r^' 1 ' t ' , “ -Mlnlv In (un« of 

funLirulIu -,-ttvliv. Tl,.. ■ tin tU-ro-tl kkIIU- 

" p f"‘ ,r l " r 1 ON longer urn 

n.. ur , l, ‘ r ° II Hnv. 111.. MMNivu lo- 

, A* 4 ' 1 ,,r m.- 1 iu.it,, r int.i il.o lu U 8U rf.c« 

1“." , ’i lllul, t: || l I pm dally r«- [ 

l “ ll * ,, ■'--‘‘■Inti uniKial Jutii* 

«ri.in,. t | Iniu.-m, 1-11,1. ,,n.| 1SSU. By I9M 
ar hoc 0 f tilt ,„i B | Bd | w ,,i uno D f tcc wuh- 

jn thu tratur h.bl ran ltd, m,u- u I'iniy lion flow 
in Lh« berth crater has ..nil 1. im.d Intronaiull 

‘ I, r 1 ' , ' n Jrcllnleji. Thin that tho 

, JT° ut “ L1 liwntur ho lug i-.uii.-rnlcd ia uu longer 
. , ' u, ‘ l l, A Timii.h thu hy.lri.i liviraal nyntom 

Columbia Slvor Basalt From 

ratfiaSb*. . tn. jaantgi 1 w T fe ' sH i as ir 

I Da J a,t Ha * t0 f BOlAtlon ProjKt, 

MSB?) T to,,rord Opor ’ lllons i *kM«d. HA 

R *Stat? 1 !Mf B ^ S ^ fl0CI ' ° r Owanograplw, Oregon 
Stete University, Corvallis, OH ?7331) 

Incrmini'Ji !° e JPMAnwfl havo boon obtained by 
rock7?™ii. hr ! l i ,,, i l Mp nr linen t* for eight tdiole- i 
borehnlnt i ° f Co ' ll,l * la II Ivor lusall from doop 
sa*?2l wulh-cmiiral Hash lug ton. The | 

hor?inn. ln il2f od hrflclot ™jor stratigraphic I 

MrtlSSVf’&V? 0 Grand ' ? Srto Rasnft (ORB) i 

?S?fuS?n2H t, *., Co,wnbla R,var crow, 
and thil 2 t o a Va ? lfl U B horizon, tho Hg horizon, 
loss 2r c J 1? / W'ROBvignutlc horizon. Diffusive 
r8d Non C Ar has uccll rrod In net 
iDoarMM 1 rul,ab| 0 crystallization ages are 
gas lM™aEr° S0 7 nd ln U,u higher temperature 
U« E!T£! B 'a D S st Mt »™tos of crystalllzi- r 

DC-12 KA Bl * ORB sanlns from core wll 
SSBa^JM 10 16.1 m.y. (*0.2 n .y., 
that thi i t1fl I5?5 ,c «"sMs«t1oos suggest 
maSnoH? a B a Hfforunco botueon the H 2 -R 2 paleo- 
of B oln C i5°wi?2? and th ® Vantago horlion (top ' ! 

M “ B) ^ ^ resolution of the tech- 

of\iB rob Jjeraforo conclude thot this lequwico 
mre tJ'™ * s deposited In «S00,0M 
eitlmaind r *! e the rentage horizon is 

flXre?7h‘° be ,6 - fl *°« z of '« »*>• 

ttZ£i£ 1m '~ “ on conventional '•■ w 
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Advertising apace reservations for 
«ie '83 AGU Spring Meeting Abstract 
Issue of EOS are now being accepted 

Reach the decision makers in the , • 
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T *’ 1 ® 8 P ec tal Issue, In journal fonTtet-i 
wilj feature the abstracts of papers A 
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Aeronomy 

0910 Abiorptlon and scattering of radiation (particlos 
or «vai) 

TUB DELTA BAND DISSOCIATION OP NITRIC OXIDE: A 

POTENTIAL MECHANISM FOR COUPLING THERMOSPHERIC 
VARIATIONS TO THE MESOSPHERE AND STRATOSPHERE 

I. B. Frederick (NASA/Goddard Space Flight Center, 

Code 944, Groenbalt, Maryland, 20771), p. B. Abrams 
and P. J. Crutxan 

Depletion of solar radiation at discrete wavelengths 
by nitric oxide has a significant Impact on the disso- 
ciation rata of thia gaa In the 0(0,0) and 0(1,0) 
bands. Inclusion of tho opacity provided by a cynical 
H3 profile raducae the dissociation rate ln tha upper 
itrecoipheri to 50-70% of that predicted when tho 
optical depth calculation oalta this contribution. A 
substantial fraction of the nitric oxide column abun- 
dance as measured near eha atracopauae resides In the 
lower tbaTBosphore where correlations of KO with solar 
and magnetic activity are well documented. Variations 
In the thermospheric NO abundance therefore modulato 
the radiation field at the precise wavelengths abaorbec 
by this molecule In the mesosphere end upper strato- 
sphere providing a direct and lnatantaneous coupling 
between tha different altitude regions. 

J. Geophya. toa., Green, Paper JCQ130 

04SD Density 

" ** U,D “ ■*«» <W Ah VALUES ID* 
fffSa 1 ? 0 >UalgTtC STOm “LAUD PEBTUB SAT IONS OF THE 
TnKwtOorHERK 

John E. Nisbsc, (iono.phsre Rseesrch Laborer ary, 
Dsparlmset of Electrical Engineering, Tha Pennsylvania 

u!n!t Un i V "y*i tr * Uaiw, re1ty Park, Pennsylvania 
16B02), CarL Stahls, and grnst Bleu lac 
Vary large pirturbat loss in tha th.raosph.re and 
l«e.ph.r. faduc.d by e» t l DM drlv.n by he.cing .„d 
"• u< ,n th * auror.l olactrojat region.. 

HU? k ° 411 1BC4U.- of 

„**■ r BrerepkBHc modeia ha., reros ...ocl.cod with 

ST«,“ ** Kp “ d * p “*«■ Biually 

“P 1 ^' bew.v.r, th... ,r. poorly eorr.l.ted 
Wth th. CMporal variatlooa. Initial axpartmanL. are 
i: d,C “ h “ 6d « cha •'"oral 

«!Xrr^reiX!rr , " an ' rir ^ «« 

m ” h*" tntt U driving lunct ion. . The 


™“ ^srs 

17 l0 “ D Vev. t0 fr ? 0lUr " inf ° rrdd 

J. Gaephye. Roa. , R.d, p,pa r 1B01.3 

Geochemistry 

1*10 Qmaiatry oT tha ucaoinbir. 

as,r“ 

^ sst-rx,. 

j~S3* ttssii'JSi s «. 

^ July - m °‘ Mims, «di„”^ 
and ealcla are eha largait Mulvalont walaht 
cations whj ch Urgaly bal.nred by aulftto md 

» ST® ^Jr^czan. 

-sffprss: S-rma,^ 

f!2 h JX ? I “? lltlonJ - “*» WBh cation 
WL1 Xh {,2?!.!” dnl0CBa * U »' I* “rrelatna 
M * h “1«ala. Sulfate cone one rat Iona 
aiallar to etuaa maa.urol in 193* sal do 

one n lui* t*2_i h Cilclua bbS. » • la. Bar extant, 

aBBonUB toni to incraaaa pll valuaa. | U gh nitrec. 
valuea also correlate positively with high scan 
acidity, HtiLla high ioJIub tnl elicit* viIum 

^T * k ***, V !^ I a * h B «" alkalinity. (Acid tain, 
acid precipitation, 01. geocbm&Lstry) , 

Water Eeaour. gaa.. Paper JW0041 

1«1Q Choaiatry of tho atnoaphor. 

If “““I* » atwmmshc carbon nicxag 

lm2l3! " PRDVIBI0HK - WWW5WB M3BTOATIW8, ' 


2540 PALEOhAOHBTISM 

r™re”f2f I18N ° F * P0LMHY TBABB1I10N IN THE 
IWp (1) IBIAEBIC CHUGUATBB FOEHAIIOH. WYOHIKC 

“I "? r ””‘ l, ";re - Inst 1 tut a nf 

8 ? ,iC 2V 2 * Ii „ C ? t F“ Eoad * Honolulu, Hi wall, 
y&Q22> and C. E. Ilalfley 

.Jl I?2 al f! ‘? S otl B“ l *A epeeioae., taken at 

reu!ifll ph i* lnt0IV,l, al 3 t» 10 ™. haw. haan 
collect ad fron tha Rad Poak llanber or the 
Chugvater Fermat ice at thrra localitlos 
approximately 25 bn southeast of Dubeia 
SfiS- : Th " * tI, J 1 * ra P hle interval containing 

itair u j i s n u ‘ h ° «»“«u 

tXLlh A BUt .‘‘S "■ A i l BPBBi“B« wore 
tbern.ll, demsgretlsad at 500“, 550°, 620°, .nd 

n!™i "I *^ MCtIon, of BB SB.tixaLlen of 

SSlf *« tMd , ? d v J“ n »l‘t , B.l character as 

V““ V ■ 7“"ri»hli decrials (a tb. rman.nl 

y «! x- Tha ••«!<"> 

■Buplsd is divided Into five Intimity period. : 

two periods recording tho dipolar field: one 
“ ilpD! " ,i,ld af d.craaaiog 
intm.ltfl on. recording a dijol.r field of 
incra.ilog Intm.ity, ao d , pexloj of lou 
ST * " cocdla « lha praiant during th. 

a N 2 UlBgm 2 VCP J“ th Bktalnod for 

H - B polarity transition makes a fairly 

JT !' s rtth thB Hi* «nflBBd to { 
■aator of Longltuda batwnan 85^ to 1 ]Q°E. Th. 
r ever aal . onset ia fine indicated by a Blow 
Tho“?UP “thM™ * CrD * 1 t ’ 0rth,rn IflitB-HB. 

*0“s rn« 10 a™ 60 "h bbA 

M H <35 to fir’s), .nd S0° and *Q°N (335°E „ 

'.‘I,, brief poriod. of field 

liability for nondlpoLar field doninanea). The 
" nt fj lh * traaaLtion applets to bt morn rapid 

2n2?h \ r f C T r '- Tha WP f“ th observed at . 

northern hemisphere sLta [a located about 90® 
iron tha alta. Tbs polt position darivad free 

ss i TK!s4rOTi ta Ts:r-r.f, ta 

dn ■ 4.71 11.. spproxfmsLaly’ln the' center "of 
J,?, “i n * rDU ? ** pole* reports for other 
Tri.ei ic unite. (Polarity transition, intansity 

field, VGP path J . 

J. Ctophys. Pc.,, PcJ, Paper 2B19jd 


H y drol °sy 

« tldt ^’^" t ^ 1 I 1 9 ^.f ,,ai 31 ’0 Erosion ord Sad 1 r.„tation 

0#rban dl « U « ■*, I STANCE IN ffl»VEL-BED STREAfiS AT BANKFULL STAGE 

3".3J3*J3 i , t e Ii ou1 * 1 ?!; XT* - iklTSilg lffSSTIiS} a R , i® ,h flnd 

£*“ “■ "fi-wss s.-Etsum - 
■ ris; r “ fs “!i™, .’sjis'rsis"" •' 

of eh, southern hcmleph^ ^ >:fii ; ,e 5 an eI 5 l,all «' » determine a 

( JJ6 ppsy) . Tl,. gra.ta.t reSlUanue division Of energy 'Inna Tfcg n(m »ln(nn 

la the * < * r “J trBtl ^ n « ,a *B ,s a “ un *«l ^ represent the re 1 st I vs 1 n®orUnw 

-re 20 hlqb 2 ^t]^ < *T-* 1 "* b#r ra ' ls “"“- Bir resistance accounts for 50 to 

■Balyau « tho’itaiuIiJI « n ti"«ua *5 percent of the total resistance In these reaches 

ssaasnal 1 ty or cor rent ret ion la email In Uu 

™ IJ . t l *" 1 ‘ tT ' mv “ P<«k! rlsUvj to 3110 &otLon and sodiountatlon 

i , " 1 * nd ‘ ll1 I , * I1V “ e hl 9 h Utltudai of the WO USE, FUXDS, AND QIAH 1 H QWIias: UPPER KIDDLE 

ihn , , T ™* WJi»®rre RIVHl. CRtJXfl (I936-R0> 

J auwaj.horlc CO content, avorared Joseph R. [yens (Utah Division of Oil. Qia and Hlnliu, 

thr.uqh isflo, la ant In-tod to havS Loan 7. IS w 10‘ u *2*1 SUta OffLcu Building, Salt Lake Glcy, ikah^^ 

V.' '■"^ on " Ith * probablw uncertainty of 0.5 to Mil*), Rebate L. Bosch to 

. . uerbon dioxide, atmospheric ajnltarinjl . Flow treads and channel characteristics fron 1936 to 

J. uaophys, Rea., Srean. P.pur 1C0115 1980 were evaluated tor the MLddla Fork WlUasmtC. 


^ Xm! .I.ecrojat°I dl* tllB, '“ B “ ht9d <»f 

ph.re — g -1 fll-CCro J Bt tBdlcM ov«r « period rithtr 

. h" Coaparlioos .re „3 e 


th th* . iVs “ nonpar I fton* ara ude 

0*™ p / . ° r klgh-l.c (tud. .comic 

S5lL(22 1 1 d,,turh,d read I cions. 

S^S2SL"" , fS"" " th * ' ,rob, ™ aBi Promise of 

J. Qwphys, B.,., gi UOi p flp „ 

Electromagnetics 

07E0 Scatter leg 

SkX^^SLS*??^ "■“* TUBE «"»*»■ OP THE 
, 7 ™ F IIIB8CULARITIE9 

nieUn2? d 2. < j!!!f k ““, do F»b9b1»b; B.piciala, Coaaolho 
12200, Bio Joia^ta? 1 )^" 0 " 64 C,antlf£c0 “ Toonologico, 


1*10 Ch.mi.try of cho Acmoaphera 
A DECONVQUrrlON OF THB IRK* HWO BASED 4**0 RECORD 
T.-H. Pin,,; fn.il f.I N..*l.n,| 1 i* , r,,» r 1 .*,... , 
TonnoBM, 37830t, W. 9. BroocLar, «. D. Freyar, and 
S. Trumboro 

A coupon lb record or U C/ 12 C for tha l.ac ISO yanro 
has been con. true tod for chn collulose from open alca 
trooB. Using an Ooschgar-cypa ocoan modal thU record 
hai baea doconvolvad to ylald the onthropogonic Cu- 
inpuc ovoc this time period. Tha known foaiil fuel 
input a have been subtracted from thia Input yielding 
an DBCimata for eha forest and soil component. Thia 
analysis yields a total input via forest end aotl B 
sonowiint greater than chat via foil fuala, Houevar 
during cha last 20 year tins period Cor which on atmos- 
pheric CO- record la avallabln tha foaail fuel Input 
has bam about five does grantor chon tha Cacaat-soll 
input. The formac-aoll input appears to have peaked 
class to the turn of chs century and bu been declining 
toward tha praaonc. Because af this decline tho chugs 
In atmospheric CO- concent over tho last 20 yaara 
attributable to rOreat and anil inputs hu baao quits 
anil. Iln never because of cha raoilnlng quaations about 


hi I? 1 ®] r ?J i **??“ ,n grovel -bed streams, with 
high width /depth ratios and law sinuosities. Is 

» r “i uU ,f , 9 T« In end bar roughnesses . The 
X 21 JV theSe Ui r,, 9 hness elcncnts 

aSta ? ) shed - 71,8 relative Irgiortance of 
grain end bar resistance Is examined for twelve 
Straight and divided gravel -bed reaches et bankfull 
stage by using the Keulegan equation to determine a 
resl.tance division of energy slope. The remaining 
slope is assumed to represent the re 1 st I va limortanw 
or bsr resistance. Bir resistance accounts for 50 to 
, ™ of . t,1& resistance In these reaches. 
riiSi 2 t i?.J! 1 ilf , L 0f roach- averaged bar slope correlate 
-losaiy with field reasureirents of bar magnitude 

Waiur Pasour. Run.. Popar JWDICiJ 2A 
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LMB USE, FUMDS, AND CHAMd. QWIias: UPPER HTDDLE 

FOff VHLAHETTE RIVER, CROJSI (1936-80) 

Joeeph K. Iotots (Utah Division of OLI, Qia and HlnUu. 
42A1 State Of flea BulMlng, Salt l«l*« City. Utah 
84114), Rebate L. Boschta 

Flow traads and channel characteristics from 1936 to 
1980 were ova lusted tor the Middle Fork viUomtcs 
River, which drains a 66B hn^ foisated watershed in 
the Cascade Mountains of western Oregon. An InwuxHy 
of serial photographs from 1939 to 1972 aim dMt 
landslides aaontlatad with roods and In oloarcuts mm 
• ‘ ond 23 iluia uuic uwgs.nL, ranpucclvuLy , clam lx, 

forasted arena- Haenxia landalldes unloaded aadissuita 
directly into the drainage a ye Cos; neat 1 arris Lidos 


Kstlairos and * Hxfc.I ’ B * T * « a “ 11 * nnwaver ba cause of cha remaining quaations sbou 

A consarstlre atuHTh!. k . , eh ° Vslldlt1 ' of 81,0 l * c “tort dartvad from tha atudlaa 

r Mcurranca chiF.2s»f ?, n ca '' rl ' ul oue of che *P r “d of tree rings due analysis hag to ba takan mure as an 
■tacloa, hrtal.ua*. magnotic equatorial -xomplo of cbm power of tho 13 C approach din so a fin 

tin low latitude ' d ;n latitude I.BBg) and oetlnaco of tho magnitude, of the forB.c-.nU contribu- 

1SBH, dip . »!■»*• CO, riao. 


divi i.pim j .;*.:' '••wnuoi.™ riUMIH lair's , 

ioDgUydinl? 14 8) « r«Jacivftly imU 

■true 12“ii2 18 ■*««• 

■vinta at tb. r2n° b t T a “ a th * Bocucrooeas of apra.d F 
»U tb. 2 b2„wT “ tHtiona *« “* E »t the time. (Ail. 
a-!C0uu,i w 12 f a “ nc * “Wf caohoaira Pauli st* ara 
U aot tru. i? UCh f v, oes over Fbrtala.a, tba eomtria 
•■P-tor are'-ui *° *?“ ,pr “ d F 00,ec tin-, over tba 
latlcu.- C *.**"!“■ tlcaily aarliar than over the low 
■ptu7 *‘j„t““? har loletaatiog result La that while tha 


aatlmato of the magnitude of the foraat-aoLl contribu- 
tion co the CD rlae. 

J. Gwiphya. HA. , Draco, Paper 3C0I29 

Geodesy and Gravity 
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■praad p Hurari — result l. roar mills tea l, i* u « w 

liaaari* r i ' j * ** eh * two acatlona ara approxUataly Th " aeblavamant of practical and useful airborua 
obiaiwJs ■ ■“ ■ want °w Cachoaira Paullaca I. «r.wltjr exploration (or petroleum ia a major 


S Bar to have bean initiated during a large flood 
turn period i 100 jears) of taceafcer 22. 1964. 
Analyst* of precipitation mod peak flown (area car than 
100 tr s _ t) from 1958 to 1980 by news of power 
function models amgoats a trend oE increasing flows os 
tidar harvoating and rood building expanded in tin 
basin. Changes In diamal pattern, doewantad from 
aerial phocogrqfia, show major tncrmasaa ln diannal 
width mxD 1959 to 1967 and a trend of decreasing width 
from 1967 to 1980. Sixty- fivo cross sections ot the 
diamal wore surveyed during srenar low flew ln 1979 
and 1980 to pmrlde da called osasumsnta of oodacing 
charnel condition*. Channel widths of 621 oE din 
aggredod roaches wra significantly greater to. ‘ 0.05) 
than those for nonaggraded reaches. (Oianwl 
morphology, floods, land use). 

Hater Re sour. Rea., Paper JW0011 

3 1 JO Droundwater 

optinuation of osoimraAixa AwmcrroN ebon a 
COASTAL AQUIFER 

B.H. Hor.1 (Burmab Oil Exploration Ltd, Mpara 
Uqy, Buindon, HlUshiro SH3 1718, Ut] 
and A.B. Dirties 

An analytical utheaKloal aadal, baaed ou 
Jacobian elliptic roast ion., baa bton used to 
identify feasible valirlald location, and fuqplng 
ratn fbr lorga-soala abstrootlon lha an uncoa- 
finad coastal aquifer, Tha uboica of optima 
fauible vallfieid strategy haq bean node using a 
■isple econoida modal vhioh aaloulatas tha ooat 


<it tha pipalioea required to tranaporc the 
abstracted groundwater to a large coastal oity 
which forea tho demand centre. Results indicate 
the cheupoat welirieU deilgn would be a 
■ingle large vmli field. Bow.ver, booauae of th* 
nuad to maintain at leaat a ainisua supply in the 
aity until e new surface water sunroo la dovolopad 
doreloped, q bettor eolution cay welL be to 
darelcp two h B ailor wejjfJeida puqpUg a greater 
total abstraction. ( Groundwater , abstract i'-o . 
aquifer, c, natal) 

flydruloglcal Bclanaoa J, vol. 2fl , no. i, 

Jl3u Groundwater 

BOMB FRQBLEK8 RELATJBQ TO OBOUHMATER SALAffCX 
I. Keyana ( Institute of Oeo»iehC*a, Unireraity 
of Tsukuba, ihoraki 3D9, Japan) 

Th* ground water balance for the city of Hagooka, 
Japan, is prcsmt.d a. a case study. At Hagaoka 
there are throo interesting feature. i (a) in 
"totar groundwater la ejeated fron pipee under 
tha roads to melt freohly Mlon snow. <b) tb* 
river la hydraulically in contact with the 
aquifers, (c) the water table has remained qunal- 
. tat ion ary Tor the last rive yaara despite the 
vast pumping progranui. the rein emiroea of 
recharge ore: tha River Bhinano, deep paroolation 
from irrigated fialda, anowmelt In spring, and 
rainfall througnout th* year. Tho water table 
™ “Altered using observation data from about 
xPD vails i during the Irrigation period in August 
there won an inflow of grouodvatar, but ground- 
vntar resouraaa vara deflated in winter and 
spring by puapLng for tba BnovEaitLna flehmse. 

The aval uatiou and eatinatlon af tba oampononta 
tr the groundwater balanaa ore dlacusaadi in 
particular nathcli of eeasurLog deep percolation 
■ 1 Lher directly or indirectly ore oxanined. 

[Groundwater balance , water Labis, recharge, deep 
percolation) * y 

Hydrological Scleneoa 3. vol. 28, no. 1. 
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ANALYSIS OF AN INCONGRUITY IN TUI STANDARD GALE REIN 
FI KITS-ELEKENT xmoD 

R. 1.. CooLcy (Hater Resources Divlalan, 11. 3. Geolaglcal 
Survey, t*.*>. box 25M6, HS 413, Fad oral Cetltar, 

LiVownod , Colorado 802 2 5) 

In the standard Qalarkln f InUe-olemant oathod 
eppllad to squxclan. of ground-watar flow, the de- 
velopment to incorpor.to saccnd and third type 
boundary candle. lone Implicitly aaautaos that the baaLa 
fuactiona t.tl.fy th... boundary conditions. Beceuaa 
the le.le funct lone normally tsiplayad arc not requlte-d 
co aatlefy cheee teundary cendltlona, a theoretical 
Incongruity in created, [f tha G.lotkln procedure 
Is reformulated by adding . earm Co explicitly 
consider f.Llura of cl-u basis f-incclons to eatlafy 
the boundary condition., ch. lncangiuity la a] Irrln.tod; 
however, the resulting set of operational equal Iona Is 
unchanged from tb* sac resulting from applying tha 
boundary condition. In tha normal manner. Ao analyst. 
Justins tr.ro. that if eh. dlfforentlal equal Ion has a 
variational equivalent, tba same error functional le 
minimised, ultorhsr or not Cha basis functions satisfy 
strand and third type boundary conditions- 
f«3r aundwsLer Flow Kodala. Finite ElmaenC Analysis, 
Calerkln Hathcri). 

Hater Raaour. Res.. Paper 2U194J 
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CWHJND-HATkR CIOCHEH IbTFY ANh CALCITI C ENINTAI I ON 
or Till ACUIA AC'UIFEB |H SOUTHERN HARYUKb 
Francis H. Ch.prllc -I'.S. Geologic, I Survey, 

20B Carroll Building. S«i>0 I.S.ll. Road. 

Tojstn , Harv land 2 1 204 > 

The Aqul. aquifer In eouihurn Hu. land athlblts 
three r.gloni that are ch.r.c c.rtxad bv dlitlncrly 
different water compel tier,. R.glon I i, about ?6 
alia, wide and is para 1 1. 1 to th. outcrop area, 
w.t.r In R.gfou 2 baa ralarfvaly high calcium 
ng/L), magne.ium (**IO mg/LI, blearbonata 
i'1'i. ir-K-'L * > '4i.c a ii.trat iono, .ir.i roiotl.-.l. I - 
Ltd I ur io.; ny/L) concent rat tens. Rug Ion It, 
parallel to and dc-wngradlunc froa Region 1, it 
.bout 24 miles wide. Water in Region II I. 
cbaracrerliad by cenatant bicarbonate, Increasing 
aodlva, decreasing calcium and decreasing n.goo.lum 
content rat ions. Raglan III is doung radiant from 
B.glan I] and I. character faad by low calclin 
t»; mg/Li, lew sogsaslum >**l ng/L). high bicarbonaca 
W0® ngfLi and high aodlva l— 100 og/L) 
con cant re clone. 

Tba major lithologic constituents of cha Aqula 
aqul far ara quart. Sand CvSS pare aril 3, glauconlLa 
«*J0 pare am ). and carbonate shall material 
(>4 percent). Heavy elnaraLa, clay ralnarals. and 
ftssly dl as, ml net ad Itgntta mada up about 2 partant 
of aqulfar material. Calclta ceoancatton la 
coooaaly oh, erred In and near tha outcrop area of 
tha Aqula- Stalcblomatrlc chemical models wore 
constructed based on rhla It tba logy to describe 
Lha water chaaisiry of each region. The 
applicability of thus models war. verified by 
coaparlng predicted and observed malar ratio, of 

dissolved apaclaa using llnsar regression techniques. 

In all caase, cloa* utxhaa ware found batwaan 
predicted and noaaurad curves. 

Kass balinca calculation* using tha vsrlfLed 
chemical modals predict a Spaclal diacr 1 but ion of 
calcLta cams neat Ion chat closely nstchsa the 
obssrwsd dlacrlbucin In Cha Aquif aquifer. Thia 
suggests ebst tho observed calclta csnontatlon la 
poac-dspoBicional In origin and has raaulcad from 
reaction of ground water with aquifer material. 

HltOr Reeour, has., Papar 2WI990 


4*5 hnur«° n ' y * 8t those that hava duration, mere then culmination of mors thia twenty yaara of research 
tie, , ... fT ,r Fbrtaleea. Posiibla impl lost leua of development. C ommercial survey* hava now baao conduc 

the eauat l i°? Cl “ F l “™ hobble rlas valoeitiaa ia fot three yaara, Th# precision and anomaly raaolut 

Paiilhlaj 1 * * ^AAORphara ara dlaouaiad. It aasH attainable ara twice aa good as that of cutr 

■Dread F <l10 E ° pra, ^ et tha approsimaca duration of a ahipborna gravity data. This papar prasenta data 

nt . * v *°t 0VBr tha equator hy observations carried demons trees the precision of airborne gravity , 

lou utltuda station iltuatmd close to a oomron discuaaaa Ita uaafulooa, (with almultanaoua magnet 

latituHi “ rIdioo » 1 plane. (Spread F, plana babble, ■“* topography). Industrial acceptance of tha mat' 

J njTk ■xtinaloq of cbe irragularitiaa). portends a nae ara In gaophyaloal exploration for . 

■ sopuya , ga.^ gi ua| pjpjj. 2A1704 *nd gaa which given promise co double tha efracrivan' 

DTCo _ “f exploraclona an land In both Cloa and cost. 

RU*RT?I? r, i. ( "“«‘oal Kathode) GEOPHYSICS, Y0L. AS, NO. 2 

ASMT^ 0aWDLATI0SS OF LDH-FRSQDEMCY TE FIEU1B IE 

B Con? , mAP * D ^87 DL8I2CTXIC CYLTHDERS _ . , 

^S'\SrSS^^SSrJSr7SSl.’^ Geomagnetism and 
J!*u4 ‘.r‘r^^., b „>. Paleomagnetism 

((■cue 8Bl “* functions ia used to calaulata tha low- 

trle * i? . eran, **"a alnetrlc fialda in lossy dUlac- Inttmtetlai jgej; Bar jg^gagg Arrays 
eeoln.ij l “ ,r *' * r ^itr,rily shaped polygonal nail# are 

ebu,; ,** ‘ U<H ' “»« accurate mad, I ling of complex D. I. OOHT (InBtltafca of Earth and Planetary Physicm 
tba u.2rji thout llEa „lve act t Lx ,iaea. Tb dnoutrsta ttiivanity of Alberta, BbsMbcn, Alharta, Canada 

cal mi I, F *ha method, tha analytical and mmari- WB.2J1) 

Irb ° u 101 " *™ ttmparod foir tripla-layatfd ooncan- «■ H. MOftH (Dapmr ta ant cC Hyglcm, Victoria Uhiver- 
th , . 2 llB,, fa- Tha calculated field. In a modal of »Uy of Mailing bexi, Pdvtta Bag, Will ing ten, New 

PrcaanK^4 to . r, ° «l» , nd to a iblunoldai field are alio SaalonO 

ha ua.r i‘ oth *r applications, th* method should 

ard, . . aloctromaanatic (EH) blohai- . In rcorot ymare, ljjtaiprmtatien stithato ft* nasno- 

“ “* ■nalyslog and daalgninn dlalactric antan- tn»b« array Studlao hava davelopod nuffiaiaftbly to 
™ hypartbarmla applicator, at low fraquancloa. justify o review. studies investigate struotute 

*“■ s =i-. Paper 3S0177 in tha earth to depths of about 600 )n using inSuc- 

tlcn by various ertmrnal cnrranb dyafcra, which ere , 
i* , brtrfly dmsaihed. Bis uu of nagnatognsiq pnd 

"ApiOrEtlOn Lyeonhvsif Fourier tr*nsfaEn anawly reps foe idmtlfloatlon and 

r / olw looatlfxj of. induced currents is dleBM$.: Charao- ■ 

0930 Bala*-. .... teristiqs.of various typao of engaaUee' ere ccnsldm 

uaum ^J 8 * 0 ** Oils is tnl lowed by a discussion of -the wp a nitin n of 

Dnuin x '\rr a ~f£°* AL in EHIAS VAT! VELOCITIES aid tixe^Varying fields into external hid iDtunml perts 

a fO!H®|iL OPOATIQH OF A .HOI t£l BOOK by the use of surfaom intejratico. a eastlm n 

Dkristanh-- I V H . transfer funotian analysis i n biu3sa. slrgle-atmticn 

Dlvieioa 1* 1, Pa “ r ““ (Berth and Bp* as Balenois transfer fiMbims and cehpleta salutUgis of the 

B 87545) mi - w 8 ^ 8 " Bafcia “l Laboratory, Lorn Alamos. induction matrix with Various njathads of estimation 

i" 1 ?' Fshlar and Jam 8. Albright of the mnaal field., rfc MKfc dlSqiRa repEhsentationa 

during ora.. — f? d ^ror save, valoeitiaa 1 saasnrqd of tyansfsr runotinns ty neena of laduotion orzewa, . 
hwiM, j u h. T 1 «»is*l,o sbrysym are found to ' ' typothmtldnl ri/flnt analVuls. and 8/H peawtoowctiena^ 
system, '* ra 4 1 * #f » hot- dry rook gsotbarasl Seme oendieiena tor !stwJi*y of tranafor ftxwticra 

U vare Q i„, T* tlv * F- and 8-wavo valpolty -dsorasso ere defined. MethccU of aae-dlMWitnol modeling 

SiUsbmw , T *i“fs Trad lot id. by O’DanimeU And and Jnvarwlqn ora followed IrV a dleaiaalcn of four 

oan taiu i- j. . t rf, 1 r 1 ■J* 0 - eodelsd valooltiai in 1 rook# . methods of mSdriagl acdmUng.of tm-rilreneicrial 
ror data ft, S"7 8 * t “ rmta4 •** d «7 0 rooks. Baoauaa o tr u cture o . Currant channeling is prioidmrqd bfimfly, 

voioaity d«a,!f ,lr “ #aal ijlh rell, wo attrlbuta tho aid the m ondf with s mhsrt seauap cn'miBo*l«a 

(Iliad fr«ph.“^ 8 . to “ ihoroaqod density of fluid , a)d onAJogus andeling ■ettssds.fbr threo-diawwimal 

••romotora^rf' ^J*« • « a »r*oir. Frsohtrs 4oa#{ty onvjnotivm OtruotJlrvs. - — 

I sf OCmmsU and Budlansiry raogs as high se ^sv. OaopbyO. 8pao» Pbya., Paper 2giB»7 7 


culmination of mure thto twenty year, of research and . « ■ . _ , _- , 
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for thraa juri, Th# praclatoii and anomaly raaolut Ion inxiici ' 

atcaLnabia ara twice as good as that of current VO1UIII6 Jo, Nl]Hlber 2 
ahipborna gravity data. This papar presents data to 

damonatraca tho precision of airborne gravity and Moilin A. S. Zona] Motlols of llle AlUlOapherO 
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ln tha earth to depths of about 600 )n using iniuc- 
tlcn fas) various axtmrnAl current gyafcra, which are , 
briefly dasorlhad. Tho um of nagnatogxaaiq pnd 
Fourier transform ananaly map, for jdaitiftomtlrw and . 
looatlcn at. liAiced currents ia {lluciiramj ; Charao- ■ 
tar ietiqo of various types of axmlloa' are noldni 
Otis Is fnlloMd by e diacugsion of tho tatmratlnn of 
time-varying Fields into Bctarhal tad internal parts ■ 
by tho um of surface* Integra ticn . A aaTtlro n 
transfer fenotion an&lyiis I n CluSoa aingla-atatlcn 
transfer hnotians and cteplsta Klutdon* bf ths 
induction matrix with Various nptfedg of estimation 
of the ntsmal fioOd. rh next dlsqiRs npehsantetiena 
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Seas ocrriltima for latmUty of transfer ftxwticra 
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and Ihesreiqn ora followad by a diaoiaslrn ot Sour 
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1110 Oraundvntnr 

Afjurra zuuketii monrizrcATim with xrioiw in mi- 
KJH PlBAKKmtZATIOH 

*• U_a ‘ rot* (School Of Engineering end Applied Science, 
CalecroLtV of Cel Horn la. Loo Anglian, California, 

*>« < B «Zl» BAglnsirlag Corpora Lion. San 
Diem, California 921111 and K.t, Laa (Setvaol of goglna- 
win* an i Applied Sc trace, Onlvanlty or California, Lea 
toielH, California, 10021). ’ 

A arv par surer Want lfleatloa eechod u developed 
for a tve-d tetnafonal , unetnidj «ut* grouBdweter flow 
■of el. The awl hod I la ■ dlreet approach ae U require* 
no Iterative lurch In* of paxassttra, The irakanm 
functional coefficient, (parameters) are optimally 
fatininod by a (inrallud aiuiz tmvarattn lthaae. 
Krlglng, an unbilled BJtnlmam variance eat tutor, la 
iff ?? ■ pwaaplla* filter to reconstruct tha head 
distribution for ihn entire flow dsuln. Tha 111- 
peaedaeaa of tha Invoraa problem u thax M t„w,g b , 
Instability sal ngn-unlqusnass la cmurolled by repara- 
lh “ '•‘’’"'l'" ° f Holts ■Uunta. 
Ihl I , "V to explicitly quu.tiry 

*ha Hade -off b.tw.n rh* «yat«. udelln* error „*j t b. 

* 1,h 1h * I*""*" uncertainty. 7h.ii 

“2" a, V‘ "I M k * a Of tha 

paranatat dlaenalim, Eaaltfual moan aapara and trace or 
tb. <a variance utile of tha ..tCut.d 
■a |ood Indicator! [or tha detaralut tc D of the option, 
paraaacar dtnanafira. A aac of iu H rIcal oxparlaanta 
lid conducted to Jlluatrata tha neibedology, 

Vater leaour. Raa,, Paper iVIJBi 


J 1 J ’■> Cr J'airjvaier 

SSfK JSSa SisK™* m£mms 

Th* Uhivlcr «f m Lvo-Uycr lanUtr v<n»«4 >r% 

• pftlilly fr.tr. dug v.ll i.\ ^tS"of cS- 
itdarable lataraat. Analytical aoiutlata are 
d« re loped for dravimi in either layer and ara 
^ ,0 *»"«*«• Ki epical 
' ?]• Df Abe aolDUui U dnm- 

•t rated by empolai v|th the llnuing alnglo-l.,., 

tr«. 4aJ A W “ h /"r ,U, . fM “ calcula- 

tion i. Aaynptoclc Mlvclcnn for mall and tarn 
vaiva. of Use «r. do.Upri r„ tb« (|> S 

o? T «L ^o.fl h P«"“»Btl«, tha bahnler 

« «“ IW* >■ ««tly th. «, lbil 0 , „ 

alngli layer, and (2) at Jars. w «lv«. of a 

•nllog piar of drndewn varaua ctea yield a a 

'J°P- *■ »lZ a function of tba 
»vo of the two eiand aalvtclea. A nattod i> 
prcpoaad for the Interpretation of pnp-tatt data. 

#f ? lU ' aqTf.tO 

Vitar Beoaur. Sea., Paper 3UD066 


boov end ice la the global hydrological ollutlo 
ayvtefl, Buev cover oo lend (eapaalelly in the 
northern Henlapiierml end tea Ice ImpenUvw i n 
tha Eoutharn Ueaiapbere) very aeaacmaUy, and 
UlU reason al change hu an lnportut efftot on 
tha vorld cliaate bocauae roov and sea ioq 
teflmt loUr rediatina efflolantly end errant 
ether hut flow prconiee between etnoaphera nod 
land or ocean. Olaciara, laoludlng Ice eheete, 
atore ooat or the frerb vatar on Perth, but 
change diaaoelou relatively alovly. There la no 
clear evidence that tba glacier ice toluol 
currently l* declining, but non neida to be 
bnovn about BOuntaia glacier and ice aheat ■■■ ■ 
balancer. The current rise in IH leral poaaa an 
thermal arpualon or tha ocoana nay 
•cemmt for half of the present rise, but tbe 
other hair ia unexplained. Although aajor 
chsngta in the large loe ebaeta take place over 
tine icaler or |i)' to 10 * yearr, urine ice 
Pheati nay be subject to rapid dlaiategration do. 
to grounding line Instability, perhaps 
•ceotjenied by i urging, ice cores my produce 
maarkably complrte hlitorlei of air tempereturee, 
precipitation, fhllout, and atmipherio oocrpoil- 
tlca. A recent coro through the Oreenlaad Ice 
Ph«t Bht'Wa no abrupt tnoaltloo frtw glacial to 
codern climate Juat tuar 10 000 yeere a*), 

lB 40 intrenaltl- 

! or »• possibility or 

abrupt curate tran.it ions and tbe uncertain 
■lability of the Kelt Antarctic l tt Sha,t. fntur, 
clicatic rartBtiona are dirfloult to predlot. 

Iha calculated heating of the clcupr.tre in the 

°?K 1 « r *^ i*. there fr7re, 
^ iotaraat. (Borld cl irate, loe, ... 
level. Ice core.) 

Hydrological Bcieaoce J, vol. 28 , no. 1 . 


1140 Llaaolof y 

□um laib uvismoi ooNCBmuTim auunu ik tim 
ooum uoioraraises, imt to itn 1UU 

I. L. Ttlibrl Uarlrsni.t.1 Xeiaaneiatr Lrhorrtare 

T ,0,1 ‘ K 1W141. s7‘ 

T. Bmaa, I. 1. ciarl tad Lary B. Bill 


SEfeSgSasSia 

^narsSSar^s 

J. Ceophya. Baa., Gram, Paper 3COI4S 


3 1 W Snow and lc a 
MSP ATH03IKEB IC EfllflBOlWEIfrB HEVEAltD BT fOLAR 
Kt CORE GTVDrEB 

H.K. Karroo (Schli^barger-poll Baaearcb. 
Ridgefield, CT 06877) 
and B.L. Herron 

The polar Ice sheet 0 of Greenland end 
Aatawtita are unique asdUeatary anvirenoanta 
lafbrnablon on the cliaate 
and atuspheric enlrenasnt or tba past, lha 
prevailing low tanparaturee , lack or nixing or 
■ COUttu l»tion rataa 

reault in high quaUty record! uhioh say be 
reaoivei in great detail, fr*iuentl, , t the acale 
V>» ysr. teftntation of lo. l{ 

the available tine epao to hundreds of thousand! 
:[ .Client ia end envlronoaniu infornatlon 
Ice cores penetrating Lha loe 
*hart.a and , a derlvad from the coapoaitiot, 0 f tbe 
chralcal 

■ad anlrappad air bubblea. Ice core almoin nan 
be related to oilnatic vuiabjen^'T®^ ““ 

S‘:r tW - wa^thr^dpa.t 

» 1<X 5 f* tM| ! Ut cxvironnental effeota 
vDirnni * rrco lc ® «»re data include 


5/drological folencea J, vol. 28, 00, 1. 


3140 Runoff and Sttunflow 

er wa w "“ W * KIXEB C0HIFZI 

BratlntUsl test. « SuJ^22S r !! * ,i,0n ‘- 
as. provided with a coetaclann STg? 7 ,lw v ®l«ws 
ear (niter or «Yapotiaa«^™^ n Lt' 1 '?' E ^ n Mn4,, 
MJ.I accnwita for Sit of 1^? °" 

flew but p l3jutcd lha „„ ?“"!*** »« wnthly 
runoff voliiva, Annru-. . aiae in ■ [Quisled aoathlv 
atittsfin, variation sod pr^cVtha 7 !]. 0 , 1 £?* 

ilfeaallow voIubb. ‘j** 1 bUl ta 

Wdel Inter ally I, a ?“"“!«■ f « bh. third 

!**«•: (SlBulananS; ‘ ! “ her tw 

«atr, lea-iur. Rea., p lpir *«««)■ 


J17S loll Hair tors 

S£36B*sa«“sr^ 

tnfll perlMtar 

■ rcriooa ore aanlorL u.lJ' «*“anal oroaa- 

nachoatical «^del^rh. “ r , i <#pU 


vartieu 


Sggsffisas: 

5SK Iffirir: 2L,H : P'P'FZ 

SSSe5S5S& 

swsST-wa. 

3Ea , s±ft.« A ss?fiatr“ 


rHS-ic—.-;™. "SSr“”i 
= SH-Si 15 -s- 5 - ™- -t — * 

RwasjS S F=- 

^tet fruur. Baa., p 4fw 


JJO Jbov and Ice 

sac 1 Tt Us;. 1 ^ 

7 *T* W e nttr ba 3 ,uw* nnd.tbe role 0 f 


hnlear Htabu,™ thT.W« »■ ««aralJi#d 

Interaction, tetwe™ wm ? ,c, ’ loM and 

^Thy.icBi d«o«i . : 

WMoaiea) a, .h- L fth ~*j aow ap*olfle data, onlt 


fate of wilnuAg- m 

S?wsS«wsas, .. 


3190 Instruaents and tevhiiiqu. 1. 

IKIEGHATIOW OK fiUHKACK With Wt ill M M 
BESSURiXa UEtH BT MR&BlCU. I"U 1 1 f. ■ 

H. Puge»B {fnalituLo of Hydru'il um , "i.i.-m!, 
of Pavia, Pavia, Italy 1 
H. a&llsti, If. Kiisclln iui-1 l. !M«P- 
A study woo atit vf lha y. -el* lltty .-v , i .i.»" , 
extending the Irrigable urea ,.f tin- firl 1 ' 
Irrigation Byatco in thu ollu.inl jluln -T I-. - ■< 
Inland (Piiilippinco), The tilurtli'U w -'iiJ I s 
by i&tefrotiog graun.lvaU'r villi ii'irf .ro nil ■ 1 
aufpiieJ froo a rrsorsc-lr attend) i,-n. I. 

Aquifhr exploitation vne atulicd n !■ ii 
criterion that groundvator ia n very c»|."i -.«r 
reuiuroa to be turned to only In aunr- a 
year a. The objectivoa of the itu-V vert l> -f'lli 
(a) planning tbe distribution or thu wells (to tv 
drUled during tho variouo stages of tb-i 
Irrigation ay.tan development) s> bj to pi-u-lrv 
the pumping eoati (b) eetobl iihlng a [->1 t.-r 
the well sianageeent In cniij'inctii'a wl'li th-.- 
reservoir oparatlon. td f Tor ml adK-cr. ■ f U" 
ocabinad ayaLeo nenagezont vurc ahdly.'c J < n li- 
bel! I of tha cllnatiu and hydrolcgicnl tf^l* 
over the period ty50-197«. for lUu |crl< -l Hi- 
Boothly vatar requlrennntn for the ■liff-.r> 'it 
crops and tho eonthly value* of o iil fi r r-'-'f tr,:- 
vera cooputod. ffio oconomc anil/ sun w,-rr 
parfonred using pre.o&t prices of *rfri--'ullii| nl 
products and power together with uiivernl lUlfcrn.t 
hypotheses about futura I'i'Jcus, A finite cli-r-iit 
nodal of tha aulconfinad aquifer was |volulatc4 
and call orated | tho importance of lh? return flow 
from irrigation wee alto tatted, rlnuluti-n* ut 
exploitation ecbosei provided a dutailcd f-m.-aol 
af the aquifer reeponae to tha irrigation dt-iw-la, 
(Rerervolr, aquifer, eanogecont, finlti- e>rs*el 
aodal) 

Hydrological Bclancoa J. vol. J 8 , no. 1 , 
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31 J 0 laatmaaati and tooholquoa 
KFSR 188 CE 3 IS KULTIOSOICCTTVE MjalllUW AU 1 > 
HABACSKECT OP W*TS 8 RE 60 UBCED 87 JKJD 
U. Shamir (Faculty of Civil Engineering, 
feohnloa - la real loatltuta at Toclmoluay, llnirn 
32 QOD, Israel) 

Tha purpose nr tbie paper ia thrco-fold. rir.l, 
suit lob JeOtlva deciiion Baking la viuvud ao a 
fhllcrophy and a process, rather tnon eoruly a 
ant of preoeduraa and algorithms 1 vhliu eutlu-io- 
logiei are obviously important, tha fronuvork 
within which they ara applied, and tho coc=unl- 
eatlon between anelysta and dacialon sakuro, are 
tbe orucUl detervlaaata of the auecaaa in their 
■KOication. The atcond part of the paper io 
devoted to a brief outline of acme aathodologien 
which have been found useful in auHiobJuat lv# 
planning end managessnt of water raiourcea 
ryateaa. Finally, the mala thrust of the paper 
lisa In presentation of experience gained in 
■evaral studies, (hater resources *y sterna, 
planning, management, multi objectives) 

Hydrological Scianuea J. vol. 28 , no. I. 


WH Hclr-avWji |l lr. I dial 1‘tnwnl) 

IMI'-MIlAliHI', t« IV A 1 '. 11*1 ilHUl Ui.l| 8 if IIIDLUTinif 

'jliitli^nilllC lilt In It I III li) ^ 

II. 11 . llvlirn |p.n>|an - . k iiic lirarorch Inilllute, luUkN 
voj 7 , t*K •'«« 1 >>")!>> , Wii-i.hwV, II. U'Anorlo vd 1 ■ 
Ivrriris 

•o rri-urt llir ul,-ri ,41 luna, h> mejns of bil|gat-|'i . 
iiiisuri, ■>! ihrrc , i-.-s uf umis-iI iirjlotphrile 
rtrtirlc fir)g iirwilnrt-i -it hlqh letlludei, L« jll 

tlifrr I'jsrj . rr.jl.-n .if ilu.ne.iril directed llKIrlc 

flol.l Ii f l.int r.| r.y f-ll.'ia .|Hi upejrd field, IiUm 
*> il «f thr Ihrrr rivt, il.n icnlrul doahvjrd (Itll Ii 
m.h qir.—rr "'in n.r j.rrj.jr falr-.cJlher fitll ^ 
vcr^li .il aurrmt 1 Irn-. 1 t In in.olvcd ore CStl^U 
*/«• . |hnr f |r |.i vl|.ii ii«ri sir observed m|, mu - 
ll.bt uf H.r l|rr. II I, . I rlr r|r|,| t hjilOMSl. 

J. ,-i'iivii. am. , ■-i.-.'ii, v.tur r li.Dslb 


3(90 Inrtruoanta and Uohnlqueb 
TBOIM 111 THE MVEbOPffinT OP HYDRO MhTfiT 
0. StaroBoleeky (Rerearch Inatltuto for Wator 
fiasounag twvelopaent (VITIIK1 ), FT 1*7. H-lb c ) 
Sudapert, thugaryl 

Operational hydrology raquiros rellublf ai.d 
accurate ioitrusenbe and methods of obnurvnt U-n. 

It Is useful to revlav developocnl., particularly 
thoea of tha lmet dtcala, Two mllestonea of this 
developsoat may U mentioned, both actively 
support ad By tbe IABR International focmlaelon on 
8urraoe Hater, nanely the IAH3/lfflEC'-'0/lW 
By^oalua of Koblens 1 1?70) , and the HMD Dcmlnor 
of Padova (1975). In aaaoaaing the trends, the 
interconnection, of hydro™ try with not work Jeoign 
and data processing are discussed. Cugguntiono 
are also auhalttod Tor further development u 

^^2-T?!T eh .? ,, ?. th * P° lanl,t ‘ “M-llcatlon. 
in oao particular field, whoru now instruOinls nn.l 
metb-jde are badly neodod, apuoirioolly thu 
■sMurement ofti u . tM ,- ( ji Benl , lc , Illi turo.ilrnl flow in 
atraaoe and 1 aka e. Problems ord rc.ultn uru 
introduoad in connection with thrae-jlmenuUajel 
flcv^ure^nt to give on axaapla for Uw trend 

flov:7!K ie.Sr a<,lry ' tUrbM, '"‘ l 

Hydrological 3olaacos J. vol. 28, 1,0, 1. 


IN) ilntrrnl oln'ulgll.iii 

STHA I'l.ll'lltHIl 1 h A r K II Vai'hii 

Hugh W, Kllvarorr ll-rwr-rw.- l.ivwnnoro Nitlonl LibVlDi 

P.O. Has 804, Ijvi-n.iorr, i'A V4550I 

A tulnrlnl rwvin» n prcsunlnJ of our undenlixKy d ' 
itratqihcrlc II-.* ■ nr»i mo proreiief coni rolling ft. Bu' 
arrived ot hy synllicivlnq a continent global plows fti 
rcqulrwil a minimum reJriTInn of the ronfllellrg otashill?. 
<)Aln. As such, It la somctihni ilotern*lnid hy U11 prru 
opinions ni»l hvlcfs «t I hr (inlhor. Paradovet soduirK'd 
prohlcma iiou-d r.y rurrcnllv nv.llnhlo obtervillonll All n 
rile*) and somr ngyrvil-im nindo ns lo ho*i IhsytiUlIv 
rciolvml. Ilr-.,|ij||.-n ..f t sirato^herlc HjO Iwfi 
opprar. |n rrqinrvi 

II rili.or li,'il t i.r mil* nf i-ur current deli iw.ik 
uiifr |irou'nl«llvi- nn- 1 nii'.|i'niln«{ Inllturiiral gradients Is E{- 
Imini'linic’ly .Linn.lr.-.iii fr.nn Ihc proiuisvd lrq'[ 
Ihtaysuw VHihT -.r if.nl ihrrw arc vlruK-phvrlc 
lljil In 1 f.i.lnr rrgl.-i.i. 

1) riml II al-.. |ir.iVi.li-. an uiiri‘|.re»rnlillii >aw 
grn.licnl In II Cl l>hiiii-.|iglrly nr.,w rhu ircpi.'ll INpotU 
sourou uf lli>il nwir ia ,. sir. to- pl.t ric tint (or HjO lot 1 ) 
region. 

3) Mint tii<-ru cxi’.i oitl.ln (hi. Inpo-phsfe a afftc-i 
•Jlfforuhl from nr In n.Mili.in m the Irtplosl trepopwu ^ 
trn;' (nr *lrylis| «lr to lltw ml\ltg rullot {euitd la Ua tt*e 
slrol'i-q.cfc. 

Salhfa-ti'in of fnn.||||i.ni su-*h as these ire rnrirl : 
reconcile a rnth.-r lurtf.- tasv* nf pn.vllng ohjvrvillonil lit 
SnlWnoitim of A) nlv. pfitnU INpMpiaiK - 

slrnlo-qih.-rlt flow of air ihrmigli I lie iiihllatltudi IKW'j 1 

( [api, n |>alh vsyKi-vlnl t.y mliilii.ii la Oj pwu 

Mrati.'i.hnrH* «..i cr vniiiw. g.-n.-rnl ■■Irv-ivlnl lost, vlnioq , ' r 
PtrcuUUiAi, tlii'tl.'V rlr-iiUti. .i,\. 

J. |.|itn. Sra., tin n. I‘4|"-r *IW.’ 


3199 Oenenti or miao.Uon.oun 
BCMOKIC ACTIVITY, WATER BEBOUr.CE3 UlU THK 
EBVIMHHEiir: A CIIALUOTE FOR HYL-hOL<a}Y 
fi.B. Goiubev (UHEP TO Box mm. SmllMti , K.-tiyu) 
Rapid economic devolopacnt nn-J pueuiatlon 
growth exert greet presaure on hydrolip i. ml 
n-celcn/sediaentation and biogoochtnioal cycW. 

Ii!^ “ic? T“ Utua - “ 1U| u - hy lrulo- 

rir^L 22 * h In f tho loQdin <i r <-lv. In thu 
f: 7 ?. only water ia r oel. of thu Inynul 

r buaan activity am discus nodi namely, thu 
Elnlr '•UMravnl,. rone rvo lrc and 

Of^he Z? ?°T rBi y lth tbo natural eomjonemu 

I "- aw " f * tl th * > ,robl<,n 

fbli«IThv ! 57 r ,0 **' lr * ou ** it nation. Thia lu 
an* I vl r 4 by on iepHtl or huiwvu 

on «nd orouioO/aodliKiilnt iun , win, 
particular najJiaaia on coosuiuunouo of nKi-icul- 

5 h ! ro lB « Um2*m on hSSff «r 
se 000 ale activity on valor nml lgrdrvc)v>aluti-y> 
ohanganof oMmlomi trnaporh by civrre, W 
i hc aUr °« 011 unJ ('houjdii.ru 11 
f ‘ 008 U,u nu01< Rw m twilTB 
«*S! r r0a °“ J0D nn ' 1 tlw hydroVvtlcul 
roglae on a largo ocolo. Tho oontr.l Inevitably 


If.'.l* In-nriej . | , . .,) ,, |,.„ 

VAKIMHW. n .Mmi^rm Hir Ain.injui twmlKIW « ««W 
Aim an. na\i. ■x*i».-, avh hu ii-m.ih uf my 

RIOuii.l |l. II,.,,,,, |,„ |.| A. -iilnul,, (AlaoiflsrU 

* »-••/! l-'i». t,l.il H.-.u- 1 |, h. In, . , RAO IlcUvfUl W'f. 

*-' '■>" 1 1 .1,-.- . Ill n '| Vil 

Iwuc-thtllv «|.>U-I «l II 10 twmtl vtM*t !»■ 

I'>r*'l l.y 1 hr 11. n. Hu ||-|p.<i,i|ugical Cvetar I* 

the in'll. -t liar, I r.i,i„iT> throuah II Ncsdsr R- 

li-iv.. In-I-Ii iim-.I t n time eciie* *4 tbSSB-' 

"Hwie* n.o. Ml ,et lift. Threw- Jay sl 

■| , i*ulllv nrw ep.ili.illv onalyeed end »l 1 ' ' 

•h fradnit idiaci vet l.ne ..I wliniiae* In UK ,o1 1< ''''' ! 

run id 1 id n 1 1.-.,. Hir n--~( pi-al'inil lestun 1* 

tleio anrlcn III HI el n| M nnl, and this *• ,lr, f"L 

l>y nlaller hrlmvl'.l In 1 Ii'wk'.'h In III*' length cl tj* 
(l.u.JJ. ii> hi., |■.l•ew•>^lllV 'luctiMliiniB In * ■'I l-*_ 
mi lion .,. n| rn ..{ Inn,. 1 |imn a year elan occur, 
mid I Inn. .1 1 m. 44, m unit with rath other, la W* 

<* nr HI 'ii» ,| n > fl.n (net I. el 1 11 both llo* 1, '}* ,l . | 
nlo» u.ilu'1 In i.ihnl nlu-llra, le unpco tally 
CMK-lmla I In, l.aaln ..| the ell . -opfli Irnme * , * -t **“ ' 

mnet 1,1 Urn V.ll JnM 1 II, In lino aetli* *•» " ” 

ivnl ninl llml, on ullinln liavn aungratsd, f 

plnyn n ii.-niiinii i.iln tu (mi lug ibanga* lh l**'*’ 
line me Ire . , I „ ymi mid |nne. 
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ac*8 with aiasonal changes Ln the aajcr Jet it rasas of 
the two hemispheres, with the larger of these changes 
occurring in the Northern Bamlaphera. Hoa-aeaaonal 
changes In K anergo from eba Imbalances among regional 
variation* Is momancua, with tha largest contributions 
oo t lea scalea leas than a year cosing from tha regions 
10>-23*B sad 20‘-3S*N. (Atmospheric BoaanCurn. earth 


(Gil- 1 o-part Icl* convonion, secondary aerosol 

« e r h JS!, i Uv hl M M#u ‘ n,sa,on)< 


rotatloo). , . 

j. Qeophya. Sea., Green, Papor 3C0Hb 


Mineralogy, Petrology, 
and Crystal Chemistry 


3745 Gravity waves, tides, and coapreie tonal wsvea 
THB FUK STHUCTDU OF THE STRATOSPHEUC FLOW REVEALED 
BT DIFFSRB'TUL EOUKDTKQ 

J. Beret (Service d'Afronomla du CUES - 91 170 
Terrier** U Bulaaon - France) 

Vliid ihtir oaaiurananea over 30 re 150 a vertical 
distances have bean performed ln Che ■tracoephara by 
using ball ocas executing varttcaL axcuralnaa with vary 
email vortical velocity. Clear air turbulence la olio 
detected. Tha wind shasr vac cor rotates generally In 
the elsckwlia aanae with altitude and exhibit ■ a ver- 
tical wavelength of about 1 to. TMn result* am 
coaparebl* to thoaa ob ca load lu the ocean and Busiest 
tbkt long period laarcle gravity wave, are raapoaalbla 
for much of che varUbUlty. CAT appaan ro be re- 
lated to abaar Instability and may act sa a aaruratlon 

T'lSoX. 0 - 3C0119 


376S Interaction of stmo sphere with electrixagiHtlc waves 
POLARIZED HICROMAVE RADIATION TRANSFER IN PRECIPITATING 
CLOUDY ATMOSPHERES: APPLICATIONS TO HIHDOH FREQUENCIES 
R. Huang and K.N. Llou (Meteorology Department, 

University of Utah, Salt take City. Utah 04112) 

A microwave radiation transfer model taking Into ac- 
count Hie scattering polarisation effects Is developed 
for e pUne-parellal precipitating cloudy atmosphere. 

In the model , the azimuthal 1y averaged Hie Kettering 

[ hate matrix elements are expressed tn terms of double 
agendra polynomial expansion and the cloud temperature 
la approxloated hy a linear function of the optical 
dopth. The complete solution of the fundamental trans- 
fer equation Is derived utilizing che dltcrete- 
ordlnatei method for horizontal and vertical polariza- 
tion components. Using this model, the brlghtnsis 
temperature ind degree of polarization for three nfero- 
wave window frequencies of 19.35, 37.0 and 86. 6 GHz 
ere calculated for • nivbar of rainfall rotes over both 
lend and ocean surfaces. Wb show that the brightness 


*260 Paraginoala. paleography, *ad patrogeneala 
ORIGIN OF KEEOZOIC AND TERTIARY 0RAN1TE IN TI1E WESTERN 
U.9. AND IMPLICATIONS FOR PRE-NE30Z01C CRUSTAL STRUT- 
TUREi I, Ml AIM) Sr ISOTOPIC STUDIES IN THE OFOCUNB OF 
THE NORTHERN CHEAT BASIN 

0. laog Pan.r and Donald J. DaPeulu fDapartmast of 

Barth and Specs Sclescaa, Unlvatalty of California. 

Los Angalaa, CA 90024) 

H oaoio le and T.rtlar, granitic rscla ln the uortb- 
•rn Oroat be aln (NOR) in knadi and Utah dtaplay a 
wide raaga of Initial a-, (48 tu -IB) and egr (-20 to 
+400) valusa which vary regularly with goagraphic 
position. Tha data uuggaat that In tha veaton Croat 
B» H In. granite* formed via lot inaction of nagaa de- 
rived from a LREE-daplatad oantl* r.aorvolr and an 
Inland Iscraaalng proportion of enntlnancally-darlvad 
eugoacllnsl ladlsmt. in tha oaatarn Croat Basin, the 
granites appear to ba primarily dnrlvad froo Fta- 
cambrlan eontln.ntnl heaemant with llttla until 
Input . Tha waatorn adga of tha Pracanbrlon lumint 
la daflnod by dlacontlnultlaa In th* Br and Nd lao- 


4710 Chaleal ocaanograyby 

RADIOCARBON IN THE UEDDflL SEA AS 0IS1BVED IN A 
DEEP-SEA CORAL AND IN KRILL 

Robert L. Hlcfaal (Scrlppa loatltatloo of 
Otaanography, U Jolla, CA 92093) Elian H. 
Druffal 

Radiocarbon atsturananta war* parfanod on 
krill end coral aaaplaa coUactad froa tha 
Uadd.ll Sea during IVflOl '80. Thaaa ara tha 
first radiocarbon aaaaurunti available froa 
thla area a I net 1973. Than data nvaal 
carbon-14 lnvila lor Vaddall surface water and 
■oatharn Vaddall Shell water, TTiaae data lodl- 
cata that tha radiocarbon lovala In surfaea 
waters lo 1980 wars tha isaa nr slightly lowsr 
than thoaa prnaent In 1973. Jo addikion, an 


topic coapQB ltlon* which occur tn aaat central 


Nevada, 100-200 Vb aaat of tha (, Sr/ M S[ - 0.706 line 
of Rlatlar and Pataraan (1973), A second dlacooLln- 
ulcy In Br isotopic coapoaltlana occurs ln usstarn 
Utah, and la Intnrprated as metUng a boundary bn~ 
tvatn Rk-daplotod (|ranullta7) lower continental crust, 
to tha east, and bsasmant that hsa no "dapletad" low- 
er crust, to th* wait. Tha baaesant cyg (•« -18) and 
ago ln tha NCB appears to ba intanaadute hatvaan 
that of Wyoming (2.6 b.y.) and Colorado (1.8 b.y.). 
Comparison of tha Cgg values of tha Haaorolc granlta 
batbollrh* to valuot for granite* In the aaatexnKCB 
suggiat an lnlaod dacraaalng flu* of nantla-darlvod 
msgom Into tba continental trust lu the Heaozotc. 

Tho data support Cbn concapi that oaotla oagoea ara 
adds! to continent* aaluly at thu nargin. 

J. Gaopbya. Ho*., Rad, Paper JB0141 


tBNPsrdture computed for 85. 5 GHz using a simple 
Rav lei 


Rayleigh scttterlng approximation U underestimated by 
about 7* k for a layer thickness of 4.7 km and a rain- 
fall rate of 5 im/hr. Effects of the Hie scattering 
function and non-lsotharmal cloud structure must both 
be Included for brightness temperature calculations of 
37 and 85. S GHz when thick precipitating clouds aro 
Involved. Moreover, we also find that there Is a 
significant degree of polarization for emergent radia- 
tion of 19.35 GHz at i zenith angle of 50* under a 
light rainfall condition aver ocean surfaces. Over 
land surfaces, polarization produced hy precipitating 
clouds Si rather small for the three window frequencies. 
Finally, we show that Uw existence of ice particles 
In Uw upper pert of a precipitating cloud largely 


Oceanography 


reduces the upward radiances of the 85.5 GHz frequency. 

)■ cloud). 


(Microwave, radiative transfer, remote sensing, 
J. Geophya. Raa., Craan, Paper 3COM 4 


3770 Particles and aerosols (gas-to-partlcle 
conversion) 

DROPLET PHASE ( HETEROGENEOUS ) AND GAS PHASE 
(HQHQ8EMEQUS) COHTRIBUTlOhS TO SECONDARY AMBIENT 
AEROSOL FORMAT ION AS FUNCTIONS OF RELATIVE HUMIDITY 
P. K. HcMirry and J. C. Wilson (Department of 
Mechanical Engineering, University of Minnesota, 
Minneapolis, Minnesota, 65*55) 

In previous publications (NcKurry and Ml Ison, 1982, 
^t«»P!l« rlc fnvlronment (5:121 and HcHurry at a!.. 
[951, At mospheric Environment 15:2315) techniques for 
determining the relative contributions or gas phase 
and liquid phase reactions to secondary amblant aero- 
sol formation have been described. In this paper 
these methods are applied tn more recent data acquired 
during th* I960 EPA PE PE -NERDS study near Columbus. 
Ohio. It Is shown chat liquid phasa reactions tend to 
be the ust Important mechanism of sulfata aerosol 
formation ror relative humidities greater than 75J, 
while gas phase reactions are prednatnant at la war 
hualdltlns. In either case, although neasurewents 


: i S^ AsS! 

Elnar toland (Sol Sinological Obaervatory. 
Un^ergity oi Bergen, N-5000, Bergen, Norway). 

The reeponae of a aoaatal ourrent forced by 
a steady wind- a erase over a eloping continen- 
tal ahelf ia investigated. A Laplaoe trans- 
y°rs technique le used, and it is eta cum that 
in the adjustment to a steady state, the res- 
ponso consists of a damped, propagating di*- 
turbanoe, oarrylng energy offshore and long- 
snore. Thle may to ssaooieted with ahelf 
waves, 1a»t the reaponae ia not related to any 
poles of the Image funotion. Dip spectrum ia 
oontlnuoua, and a discrete set of "normal 
modes" does not exist. 

J. Gaophys. Res., Grasn, Fspsi 3001b? 


hive been midi both during deyiight'and nighttime 
hours, aerosol formation hat been observed only in air 


™ur*. iiroaoi formation hit been ohserv . 

. f 40 • un,, 9W* Gil phasa conversion 

files lypl*.jlijr .dr loJ between 0 and rt hr - ', but 
phis* contributions is high is 121 hr’* were 


,, V u,# . Co '*bus urban plural. Liquid phase 
reaction rota* {males of S0» oxidized par voliow of 
llqvld-ppb J0 2 -t1se) are determlneif and ere shown to 
increesi with Increasing relettve humidities. 
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at ttia klaatle nodaLa <f hydra tad water 
nale-culaa around lone and liquid water. 
Undir the asauapeiena, v« obealnad tha In- 
ataetanaoea (•») and relexatianal (r) char- 
aidyRlllc quancltlas ol aaawator. Tha 
quantity . (»T/»F) _ , whiuh nay ha talicad 

lota the patent llltaaparatura at oqulLI- 
briua, can ba dlvldad Into tha part of c 
and*o. Both quancltlas (>T/aP) fl and OT/ 
3P). M ara (lluacratad in taraa’Sf tha 
naeBdnla* of tha hydration* around Iona 
and fraa vatar. (Structural relaxation, 
hydration, potential taapara t ara , aeavacai) 
J. Gsophya. Has., Grain, 7* par 303225 


unusually lew i lH C vain, for shelf water (froa 
coral) at SCO ■ Is svldenca that Usn Hasp Bstar 
(HW) aay panitrata ouch furthar and boh fco- 
quaotly onto tha sbalf region than bad ptavloui- 

r ksan Bxptctod. 

phys. Ro*. L*ct., Papat 3UJ04H 


*713 ClnuiTsUoa 

GLOBAL KBSOSCILR VARIABILITY PB9H COLLIN EAR TRICZS 
OF SIUiT ALTIMETER DATA 

R. R. Cbansy (Oaodysaaloa Brsnob, HUA/aoddiPd Spaa* 
mgbl Center , OrowibaU, HD 2077 1) 

J. 0. Kirata, and B. D. Baokley 

During tha last 23 days of ths Ssaoat alsaloa in 19TB, 
th« sataUlta ground iraok* rapaatad within 2.S k* ovary 
3 day a. This yielded B lo $ set* or gldMl oolllnear 
al llaetar data with a orosa-traok grid apaolng of 
■pproxiaataly 900 ka at tha squalor and 400 kn at 
■id-latitude. Bagasse tha gaotd la tiae-tnvarlant, auoh 
ebnrvatlonh nan reveal see surfaae height varlablUly 
due to dyeanlo oaaan phaaonana. Va bavs solved for 
variations dua to daap-oaaan aaaoaoala Faaluraa by 
•ltaioating the loogar wavalaagth da via t loo*. Hodaled 
Udal baight-B ware first aabtraoted Tron lb* all In* tar 
data, and linear trends wars tiwa rsoovad froa aoLllnaar 
a^asnt* approxlnataly 2000 ha in length. Thla second 
step allalnataa ralatlvn orbit error together with any 
rial duel tide aodat error i. The reauttlog sea halght 
profllaa have * preolslon of a raw oa, and the global 
variability eap ooostruotsd froa Uwaa data reveala a 
strikingly raaltatlo view of Maoaoelo enargaUea, Htxlnua 
values of 20-XD oa mi variability are ganaratid by aeandere 
and eddies of five aajor ourrent ayateaai Gulf Sir bib, 
Kwoehio. (gultu, Anlarotlo OliMaqalar, and FRlklandFBraall 
oapfluenoa. Rarhap* a aora algnlfloant dlioovary was tha 
dMinanoe of axoeadlngly seall variability ovsr vast 
regions or th* oaesasi approxlsatoly 70 psraant of all 
global values wars lass than 5 oa. This utagory liwludod 
tba eastern North Paolfla, esatarn South Paoiflo, and 
alaeat tba entire South Atlantic where raluaa as nail a* 
1-2 oa ware outaon. with auob a lew Level of baokground 
noise, avon soaa ourrantn with relatively mall aas height 
signatures could Is da tea tad. m botb the Atlantia and 
Peoifio, for axaepls, th* Bortb Bquatorlel Current syateoa 
ware olaerly atprsagad os tonal bends of higher variability. 
(Seaait, altiaatry, verlsbtllty, oasoaoele addy riald). 

J, Ceophya. Raa., Green, Paper 3C0213 2/4 


4307 Boundary Layer and f aching! Proeaasai 
PHYSICAL /BIOLOGICAL STRUCTURE AND EXCHANGE ACROSS THE 
THBUOHAL1HK SHELF /SLOPE FRONT IN THE NEU YORK SIGHT 
Robin W. Houghton (Uwaat -Doherty Caalogtcal 

Observatory of Cotuabla Delvarstty, Fallsedai, Now 
Voile 10964) and John Hirrs 

During the euner, the shelf /elope wacer from la 
cha New York Bight la tharoohallna with strong 
tsaperatura end esllatcf gradients occur lot oa laa- 
pycnsls connecting shelf end stops water, lha doalnaet 
lateral exchange Is via elope water intrusion* ehova 
and bilcw the cold pool, s reaniet of wletar-nlxad 
•helf wster. These (ncnietona cresta anvlrenasuta 
favorsblu for double-diffusive precesoan. Bowavec, 
■assured values of the density ratio s over tha ahelf 
(■ply weak vertical nixing (X,, - lo 1 S/* rl ) but whlah 
(■ canal* tent with heat aod a nit flux*, lata th. per- 
il it. nr cold pool. Csnwars.nt ctrrnlst Ion drlvun hy 
CSballlog end vertical BtnlDg annnncad b/ duublu- 
dlffu.loo St tbs outer edge of the cold pool aay ba 
responslbU for tha abrupt daep.olng of tha ehlotophyll 
s aislaua layer. (Th.raahillo. front, doubla- 
7lf fusion, caballing, atslng.) 

J. Caophys. Raa., draao, Papar 3C013V 
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4755 Surfaea Havas 

THE SAMPLINB VARIABILITY OF ESTIMATES OF SPECTRA OF 
VrND-BENERATEO GRAVITY HAVES 

Hark Dons lan. Net tonal Water Reiejrch I ns tl tut*, Canada 
Contra far Inland Hatars, Burlington, Ontario, Canada 
VI Hard 0. Plarson, CUNY Instllut* of Marina and 
Ataaspharlc Sciences, Now Fork, N.Y., V.S.A. 

Tha sdapllng variability of spectra of trlrd-genaratad 
vavaa It tested agalnat the predictions of the theory 
or waves as a stationary randan quasi -gauit lan 
process. Both laboratory date, in which stetfnnsrlty 
was prescribed, and field data. In idilch tha external 
condition* wire remark ably steady, were treated In the 
way. It Is demonstrated that the theory of 


stationary gausslen processes provides accurate 
a st Indies of the sampling variability. For a record 


length of 17 nlnutea, comnuoly used In wave monitoring 
at sea, the uncertainties In the significant height and 
peak frequency estimates era opproxiaetely 912 percent 
and 95 percent respectively at the 90 percent 
confidence level. Furthermore, the height of the peak 
of the apectrifi Is generally overestimated. 

J. Gaophya. Raa., Oraaa, Paper 3C0175 


b 799 General 

TUDON 223 FROM THE OCEAN 8UHFACE 
C. DuehHB( Physic a Department, Vniveralty of US 
Inga, Milage , Spain), M.C. Fernando* end H. Perns 
Martinos 

Tho flux of Itn Tram tho oonan surface haa 
linan sioDsursd hy thn.DoguiBiilatlun method. A 
rinure of 07 atona m‘ i a -1 wna obtained ooiapnrect 
wkth.n range of vnluoa from 11 Ln lit, ntcras 
m^a'^rnlouiatod by ether Invoat I rt, tors.Fl'i.ue 
obtuSnod by the nocumilntlaii m.Lhoii Ln alinllow 
bay watara n.nrahoro worn Lntornoriiate bi'twonn. 
tlio very low value measuiod ln cho upon neons 
nud cho vnluoa obtnlnod olialiori).a<inncLtr. jk«o 
rolaclona betwoun Lh.< flux nf and 

concentration Ln Burl'aor, wator And tho tompo- 
rntura of aon water w.ro round .A cogry Lntlou 
w,,s foun .1 11 Iso butwoon tho flu< nf * ,2< nn nud 
tho ittnn speed or wind , lui lng Clio Bnnpllnit 
time. 

1 Flint, Itn 1 ocoon, Tomporn turo .wind rpood) ■ 

. Gaophya. Raa., Groan, papar 3C0193 


4713. Circulation 

HEASURENENTj OF SUBTIDAL FLOW IN THE LES3ER 
ANTILLES PASSAGES 

Paul A. HaielVa (Naval Ocean Research and 
Development Activity, NS1L Station, MS 19519) 

I tanas H. Kinder. Donald A. Burnt 
During 1977 we able 1 nod current meter racordl 
for up to 284 days length In tho tan southern - 
mast passages of the Losser Antilles, St. Vincent 
Passage and Grenada Passage. The sub- Inertial 
velocity variances accounted for 15 to 771 or 
the total record variances and the amplitudes 
or these sob- Inert I »1 fluctuations ware similar 
la record means. The deepest current meters 
(25 to ISO m above bottom) had oscillations of 
about a 14 day period, whereas shallower current 
ooters (greater than 400 m above bottom) were 
dominated by fluctuation! with greater than 30 
day pei lods. (Straits, Caribbean). 

J. 'iBophya. ».t. . Groan, Papar 3C021S 


Particles and Fields- 
Interplanetary Space 


S340 Shock Haves 

MULTIPLE SPACECRAFT OBSERVATIONS OF INTER- 
PLANETARY HHOCMi FOUR SPACECRAFT NORMAL 
DETERMINATIONS 

C. T. Ruaasll llnscltuco of Gaophyslcs and 
Pl.naLsty Phvalce, IMlvoralev of California, 

La* Awteles, Cillfornlo 900241 K. 'I. Kotloct, 

E. J. Smith, S, H. ktnn and 0. Vaisberg 

I SEE-1, -2, -3, IMP-8 and Pronnoz-7 ohearvatlona 
oT Incorplanetir* olvocks In 1978 and 197* provide 
five instooiisa Where a atngl. ahock Is nbaerved 
by four ipscacrirt. Thase abaurvatlonn oro usad 
to dotorntno bait-fft aormala for cliean flue 
ehccla. In addftLon eo provlJlnp wull ilocurantod 
ihucka for futuro Invest iRSLl-ns chnno data allow 
us te sviluaca the accuracy of wavarnl ahock 
no real data rolnat Lon technique*. Htian the soft la 
berwaan upacratn and Jounacreom ongiiatlc flald 
-.71) cir-.ulai lor. in a raster tbao 20 s , msKnallc eoplsnartrv can ho 

PHYSI.MI. ASPF. TS -F A LENGTH SCALE fOP THE GULF „ lccur , te .!»*!« ap.cacr.fr oochod. However, 

STPf.W JPOl.r no technique hand solely as cha magnetic uasure- 

T. U. Ker- (Civil Engineering Uepartsanc, Cethollc , tc , t< at one or oultLpla .teas «• univarMflv 

University of An* tics, Waahlniton, D.C. 70064) accurate. Thus, ww recommend using ovardetsnslnad 

A discussion Is prsisntsd or cha physical lor or- Shock ronuil spluefens wj,.rev.r pawn lb la. usllf- 

■ 1 ' ■ - *'-' 1 1,1 *'■ alng plssciA cceiurvcunii, ■sparoUv'n ;Min and 

a rcrvni papor b-. kuo and Chensy (|4S2i to icnlu dative cogethar with oegnattc cauitralnxe. 

Che ■tc.t'Burfii’.e height anomaly nereis Ihl Cult (ISEE-1, ISEE-2, ISEE-3, 1HP-S, frcgnPi-7, 

At ream front. Add 1 1 tonal result* of sea -surface lotarplanscarv shacks). 

Imlghl ar.omoly pt allies o.upuisd rrco the hydro- J. Gaophya. Has.. Blue, Paper 1A0240 

graphic data from Fvg Hirer's GULF STREAM <0 are 

aleo Included. Tn all c«ssa the width of th* , - , _ , 

an.maly la spanrad rather proclealy by Z A . Th* PartlCleS &I1C1 Field^~ 

raise lonali Ip bet vein X and ihe Jntarnnl Rosehv 

S! d i u .Sp^ , ter: , to.H. - pif < «6 Ionosphere 

4720 Bist rlbnt ion* and Hstsr Hassma 3303 Alrglov 

BOVTOH-WATIR OIBIHVATZOMfl IH TH* »«» THEORETICAL HODZLLIHO Of LOV-UTITVDt HO 

TRACTOR B BOX I C. a, Fasin (HAIA/tUTC, Cods 944, Green bell, Maryland, 

B, t,. Ilttril* |I,I. anlifliil Butway, Mb« 1« 20771), T, B. Bays, and B. H, Andaroo* 

Perk, Ci Ilf oral* 94025), p. I, llsuaye, and The lov-Ucltuda H* + morphology was ln/trrod froa tho 

•tanlay Jsoobi 2800 A rasoaanct smlsslan obsarvod by tbs Visual Alrglaw 

Th* Voma frsotura eons trough, ot 11*N Kxpmrlmant ao Atausphara Eap lore r E. Data wars a h ha 1 nod 

between 41* and 45*1, is opaa to the weak at over 3 months ntar oorthmen wlntmi Sal* tic* and aalat 

the BOOO-m level but la allied at tha 46Sd-m mutuum conditions. Latitude-local elms contour plots 

lovol on tba asst whor* It latoraaots tho of ton density vara produced in thrss longitudinal 

amis of tha Kld-Atlaetlo Xldqs. Tho trough regions. Theoretical teo falling of tho Kg numhar 

io f Iliad with hotarotie aottom Wator t AARW) daoiitlta waa undarukan fay solving tha uopltd 

with a potential tamparatura of 1.]2*0 and sonttnulty and aoasneum aqaatloaa for one major and OH 

■allalty of 14 ,it ppt* Th* bottom wttax in aim or ion. The cel cola close reproduced tha abiarrsd 

tharaslly wall mixed in a aaarly henogsMun appearance of large *t matsl loo daniltlai lo the early 

Layer about TDD a tfalek, Th* gratt thlohataa iltanofit In vlnttt aolttlat, tod number dentlty 
of thla batten layer, sa aomparad with tba protlisa tbit ara agarly sltltuds-ladspudsu star tbs 

bottom-water etraetur* of tbs weecatn squator mssr aosn, Lopgltudltnl nf(«tu are apparent 

Atlaatlo basin, sty result from anbauoad mainly At high Altitude* (MM W naif dusk, 

mixing Indnosd fay topograhio eonatr lotion at Comlatlons ol high altitude damtilM with ***»<» sal 

tb* wait and of tho fraatwrs aona kroegh, A tolar oynle ara tupygrtsdi larger dometetas At fixed 

banthla tbsmoOllno, with posontlal altltudna ere esen during aolar mnrimna cocdlllonn, nd 

teaparatur* grsdlsots of abont 1.2 md*p m“'i At eqalmt no ox mutt. Hantrnl wind*, particularly lo 

ia tnooniatad with an abrupt lnoraat* 1* Ifa* 1 v*tlon, won Lwutd to bo wnp Impottnat in 

turbidity with dnpth At nbowt 1200 xatarn datnntng tho natal ion distribution at htgfa nltltndnn, 

■bov* bottom, A transitional layer of mora partleolerly tha I rgglen tidal oaoil lotions. (Jita) 

undent* te.p.ntur. gr.di.nts, .boot 0.4 SI&^feVkHXoIlK 11 *** 

mdsg ■ '* lias bstwaas tha fasnthlo * '' 

tharmaotlr* above and th* AARW balow, Tho 

AARV layer whose d*pth-*v**agod saspandod 3303 Airglow n „ 

part Ian lot* oonoantrstloaa rang* fron 0 to 19 A BOOST OSSHRV^TION OP THE 6300 2/3200 S unWBlTT 
JgL i li go. el. tartly higher l n turbidity RATIO W TBE BAOTIDB KSW*Ai WBUCATlfflB 5« TOE 

Sh.o th* ovarlflng waters. At th. ...tern HUDOCTWH OF 0 ('d) VIA TB« BIACTIDM «(*D) + Og - M -E 

!«y°lot h north”rot«id enroott rllasitlms! RIefaird Uok (Centro f« >«mkJ lo armrlnw tal Bpo ca 

with msxlmuns of J om wore raoordad for lalanc*. York University, Damniiu, Ontario, Caxmdm, 

■ n 11-dsy period. (Abyssal water, oosnn WJ M3> 

hat.ro, onrrant*. mixing), Ao analyst* of rocVot AHP-VB-Ai aaanuramMta of the 

Jb G sophy ■ a Raa, . Sma, Papar 2CI9B6 apa^lal tar U Cion of the ‘16300/15200 in tonally ratio lo 

' tho dtyoUo cltft mtA polov cap lonooploro io wpntti. 

4750 PlhGrtCAl pnmortieo of MamHr ^ "* 

M0ED SURFACE Gwfat TOffEWIM AH> IAYBR DEPTH consistent with sltnUicnnt production of 6JC0 X roln- 

IN RATER OFF TO ASfflJflDOMJ COOT ,lon tha rnpjtlon «*D) *6***0 + 

Silvia Blanc fDsjmrtsmonto DcearownFla-Serviclo uppir Unit to the Ol'BJ ylalA of Q.l in obimimd lot 

do HldrogTnfla iSvnl , Av. Mjntw do' Oca 3124 this aochanlan. , _ 

-(1271)- tolttl Podorol - Argentina) GustflvuGofii Ctophyo. Ru., Lett., Dopor ZUW 

and Jorga ffavtrlnl .... . 

Atalysia of 26 yooro of boUvffienognphlc data 5515 Imrorso 

la mod to describe the connection batman tho mo ™* Dmeociattve RBCOMbemtich OP Oj[ + i TO QcAHTTiH 

surfaco tBqWTaturo «nd tha layer depth In tho TIBID OF o( a) ADD o( D) 

Yet tern South AUoqtic off the Azgentlnlon cout. Y,J. Ainu fffpgo* Pbynles ROBowreh Laboratory, Dapnrt- 

Tha ored is Inflimncad by the prosenco of two wo tor »t ol teaoaphsrit and Oceania fleinota, Tbn Tkilvorolty 

■loaea, Subtronfcal witore and Sdrentnctlc mton. of Hlohlgan, Ann Aibor, HI 48100), fl.c. flotcocn, . 

A hoomiaI onlysla mo carried out for aguorod *•*« Btatp u4 f.b. toy* ; 

oidnma Of five ddgress side. Tho plotting of *«• ll “ Vinlblm Airglow Exparlmant on tba Atmo- 

; layer depth vwn» aurfoca twpmturo. proyldeo two ipbntu Exploror -B utolltto him boon ufead to dotowtoo 

typos of patterns. Evident mgaests that they . *h« qosntm yield of 0C l « and tX*W frcm tU dlsnoclo- 

right bo related to the presence of oath of tho °2, ■ * r««“ ot vrinaa tmtwnm 

above mentioned wtor manias. A clear tendency uua . °; c *. 0.23 hu beam obtained toy tha quanta* yield 

found for data fiatrlhut toft in wch ilbaraa. The ** WB). It la rtinwn..tb« the quantum yiald ol tH»8) ■ 

BRMDtntlal ftnvUim dnpnodn o* tba ratio of nlmgeron dsmslty to accmlu oxygen 

Iv* g ego fbTJ droeity. This enggopte that tho qtumbtn yield of r 0(lB) 

- . i i . * . „ , may. deposit on tbs dagrpo it vibrational -iancieaetaa of 

m found to fit bast tha dapetytaitt of th* layur , ^ vusnMoisii w*. . ' . . 

It* yioii at 0( l D) biu bun bmumJ to ba ■ 

-.2*1** «» ,• m. m-wy-me- 

vattvaiu In aadi (Ami, (Layw d^tK, t^wre- j, fi^phyp, '»**., &V\ia; Cp^w.MbtU 

Sfl,*, Orem, Paper 101933 ’ i. .'!* ■' 
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TBtl BODY <A MID PSOFIRTIES IH I RRZVH8IBLE 
rttbCISSBS or SgAVATXB 

H. Bad a (Dopartsont of Applied Phys Its,; 
national Orient* load **7 , 1-16*14 Baihtri- 
sisu, Tokoanks 239. Japan) t. Bhl^abars _ 

' Tb* tbshrotieA) axproaaleoa far eb*rop- 
dyosoln pstsniteri ln lrt*rirgl))l* pro- 
oeisi* ot' MMilit *rq, Obtalqod uaifag ' 
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W. X. Shatp <Hppe* Physic I Ba search LaBoratorr, 
Dnlvarslcy of Kinhlgan, Ann Arbor, Hloblgsn WlMS, 
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.Th* almneroo - • 1 ■ ' 
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— impact 'and dMioeiatlv* raooabfoatlw 

eourco funceioM of c( j d) IK surer* 'qtm esredned.'.' ' Tfui 
data’ from nine AX-D penes plug; bob eockfat 1 f ilgifafa arp' 
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ware aim defendant on tha bun injfectlon angle, On 
naanatlc fiali lion naar tha gun, til Induced return 
electron energy apacerna la cbaraetarlied by a nonoto- 
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out to tha tfpnxloace lean nsrgy. At increasing dle- 
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btaa primaries, Iha ablaut cbenai Ion plana was not 
naaaurably affected by tha base while tha elect ron tarn- 

Kr ,t !N^" r "" < durln 8 Raaulta free 
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talning to geographically ltnltad region* only (In- 
cluding alio tha TORSAR obia rvat tone) ara partly con- 
flicting unloaa Laearal varlaLlan* axlet. On balance, 
currant thanal oodala appear Co ba con. latent with 
(but not required by) tha praaant aaianlc evidence. 

J. Goophya. Pea., Rad, Paper 3B01&S 
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Physics of the Solid Earth 

Volume 18, Number I 

Artemyev M. E., Strakhov V. Lapina M. !., Tokor* L. M. Density variations 

Dcneatb a a island-arc system 

Chormnk V. A geothermal model of the lithosphere find mapping tho Hthosphe^ 

ric thickness in tho USSR territory 

Grrenlold M, A. Equilibrium condilions on nn interface in an elastic medium . . 
Kopnicnov Yn. F. Determination of attenuation and scattering by a combined ana- 
lysis of regular waves and coda ”... 

Zabrodin A. V.. Kndet V. V„ PHncp L. A., Podllvayev I. F., Sol'akov V.' L One- 
dimens tonal nnalysis of ground motions from an explosion lor tho weakly two- 
dimensional case 

DruskLa V. L. On tho unlqiinoss in tho resistivity soundings inversion for a piece- 

wlso constant conductivity structure 

Mo, °! Tn”' F ' Electrical conductivity of the crust and upper mantle’ in the Kam- 
chatka region Irom magnototelluric soundings 

SCIENTIFIC COMMUNICATIONS 

Gvishiani A. D. t Solovyov A. A. Prediction of the earthquake-prone areas along the 
western coast of South Amorica 

SlrizhkoY S. A., Pavlov A. A. Elastic wave radiation from a source involving siin- 
pmg and separation “ * 

“£?«**■• F ‘ lftl0 . v ^ G> Gravity data inversion for a contact surface ’ 
nSXiL a C Dl r i? 1 « poi ln .^ 80 J? rc ® potentials at an infinite inhomogeneous plane 

Nikitin A. N., Parkhomenko E. I. Piozoeloctric effects of defects and misorionta- 
tions In uio texture of quartz 

Physics of the Solid Earth 

Volume 18, Number 2 
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7310 Seonoalts 
FElCim AS A POLICY TO RE1UCE SEWAGE COSTS 
Klchael Strudlur and tear E. Strand, Jr. IDayartunL 

uf Agricultural and Resource Ecoimtes, University 
Of Maryland, College of Agrlcultui* , Cali ego Park 
Harylsud, 20M2) 

Conpllancs la Maryland vlth clia Fedsral Clean Hacor 
ACC will coat an CiatlHtUd S3 billion. By charging 
a aodeic water lea vega fas for residential warn- uau 
(32 par theuaand gallona), it la shown that sewsgs 
flova could be raducod, maul ling In a cenpl Innc 
coat savings of 321 Dll lion. The oust reduction 
occurred even tlwugh only ono-ililrd of tho ninicl- 
pallclaa (heavy pnr capita water usora) hid to Loar 
tha Increased price, Pricing pal Ic Its era auggeared 
*a a ost Rod of reducing tha co*cb of anvlrannontsl 
■tandarda. 

Hater Raeour, Raa., Paper 2W1719 


S r ?n r S?*aJ. r ™.. the ab *“ al p,a,n -‘ Tha dor^t ara 
the tali J iM 1 ?. f “J !"* l S p md r, « 513 ■ 

fr» t^rterl h b> 11 p,a,n - Th « ira vecrygnirej 

In^hl : ? h ? J ,un,lers By an Abruot di^ippeyrsnre 

hn 1 i!ln f y a pla,n ^bottom reflectors, but on nur- 
boltea Plnger records they appear as steej-ugl!^ 

ar f co^td by -10 n of sediment 
(Cdipared te -75 raters c „ the sur round! na at v-, sal 

rli, » From #na,fl W " Uh Ntlic ridge crests, these 
features ire probably small volcanoes. 

an'Jmaly over one of the domes Is 
match d .e M by a finite element convection nqdel with 
h«.!ll character I Sties: (1, recharge at one 
basemnt outcrop and dlshcerge at anathe, .121 JOO 
miters of sediment fill between outcrops. (It 
sermeab lilies of HT’W fo, basalt and 

lVr " ' >lher ’ ,Qrd5 M belleve that there is 

very effective convective heit transfer within the 
“ d 001 of th « fbtellvely perneable, thinly 
sedlnented basement dome, resulting in the local htah 
hei lc* overall, the results from lhB 
vividly show the age Independent muting efrect of 
sediment an tha surface manifestation of crustal 
convection. In our survey area, the made of heat 
transfer varies fron purely conducLlve In the more 
thkt y sedtmented abyssal plain arais (-») sedlnent 

“r e : h,T? e i\V e s ^ lltutfB convection pattern beneath 
the abyssal hills (-75 n sediment ceverj to a vary 
large thermal anomaly over the irjli done or ■chime, 
-Uka Structure (-10 m sedlnenl coverj. The domes are 
possibly inactive basement chimney drilled al Kb? site 

}. Gei'phya . Run.. Fed, Tupor 2B1)SS 


7310 Eccuantes (Irrigation Ve tor Mixing) 

ECONOMICS OF DUUOATION HATIR MIXING WITHIN A PAM 
FRAMEWORK 

E. Fa In areas (Dapartnant of Sell and Environmental 
Bclepcaa, OC Rlvaralde, Rlvarslda, California, 92S21) 
and D. taron 

Llooar programing asdala, datenlnlade in tha ehr.rc 
rue end etochaetlc (random rainfall) In the long run, 
■tend at guiding annual dactelon-naklng with regard to 
crop ala and saline irrigation rntor airing from varloua 
source* within a fan framawork, ere pr vaunted. The 
abort run nodal tneorporaesa the physical, biological 
end economic ralaclonahlpa involved In on* andogahoue 
eye tea end enable* an ln-depth nnelyela of then, bur le 
ltd tad to a single year. Tha long run nodal coneldara 
tha affect* of tha abort run decision* on the future hue 
several raladonihlpa era Incorporated oxogenouely. Tha 
shore tuo nodal'a results era utilized for the detetnl- 
naeion of none of these prtdacenlmd ralatlonahlpe. 

The oodole are applied to a potent lei farm ii mat Ion le 
■outhern Israel . Die reaultn provide prioritise In eba 
allocation of water end anti plots oF varying salinity 
levels and eoplrlcal eaclnatae of the ahsdaw prices end 

isjrB&rts'fi&'ttBr thi 1,Btted r **°— 
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81 50 Plate tectcnloe 

UAK.EPIHG MPMHSS IN SOJTHERH ALASKA. THE ALtVTIA 
HI 1 . "POP LATE ANT' IMPLICATIONS FOP TUP BFPIHG 9EA 
H. S. Harlow IU. S. Oaoloqlcal Survey. J45 HMalaZlvld 
Rl.. Hon lo Perk. California 244251, end A. K. Cooper 
Paleona-matlc an.1 qnoloqical Uta eoqqeet that Moh 
of southern AlaeA* la a collage of 
teutons* era el graphic- t«rr*r,*e Mil oh ortqlnatad L.i 
Haeoiolc tine at peleolat l tu-le* far south of Chair 
present position We tine of -Jock. I no - or the 
terrana* aval nit oretonlo Aleev. | s crlclaal to 
defining their enaloanatad alee aiH extent durlnq 
tnetr northward gotten au wall as uelr ru|« | n t h. 
ovalutl on of tha Bering See. 

'xia or tno 1 "roast or tlw i*c tonce tratlerapM? 

tarrenea. the Pont nau Ter terrene of south central end 
Hiitf«anim Al.ieka, a. tends offshore ntonq the outer 
narl.4 Boo ooncinvntal aerqln (Barlnjlal. 

Paleoraqnatlr .let* "unset that this l* Irene has saved 
northward through all cl CanoioLc tine, but oeoloql; 
■late loply that tha torran* iw.f aoorated to AleeU by 
Lho vnd of the Hnnorolo. In asrly Ctanoroio tiaa the 
■setarn part of the Aleutian etc eppeara to heva bvtn 
euperlnpopod on the Peninsular terrene, end poiculated 
northward Cenoiolc option of tha terrene would 
therefor have required northward nation or the ere. 

two accretion nodale, baled on look In, tlen for 
terrenes Ln AleeAe, ara prapciaj, an.1 they llluatrat* 
that lerqe nreee of the abyvaal Berlnq Bee. the Alaska 
Panlnaule. tha Aleutian .re, and th* Iferlnqlan aerqln 
nay be part of a super terrane or nlcraplata celled 

Al'Mltl J. Wb.lul A 1v:*llii, “.!..• •-.. II. .1 I 

level opod In eltu on the southern edqi of AleuttB 
eltet the nlcraplata had docked. In nodal B, th* 
final docking tin* uf th* Fwnlneular terrene le late 
Ceno.dc , which lapllee that th* Alautle olcroplata 
•naoa peseta a neaeoth area that Inoludaa parts of 
southern Alaska, the Alalks Fsnlnsuls, th* southern 
Barlrqlsn aerqln, the abyssal Barlcq Bee (rule plats), 
end the Uautlen era. tf model A | B correct, the 
docking ties of the Peninsular terrene le lets 
Keeoldo or eerllaet Tartlary. The Alautle slcroplete 
In this sodal le mil up eslely of th* shyaeal Baring 
See (Kola Plata), which presumably docked at tha ease 
tin or elLqhtly after tha peninsular terrene score tod 
egetnit Alaska, rf gats] B Is corrsat, that Is, If 
tha Alautle oollljed with nuclear Alaska during tha 
Canonic, than ■ lets Cenoeolo esecra eons, the 
vastly* of ■ large open see that oust havu uloeod 
between Alautle end Alaeke, suet axlat Id eonth 
central end south wait Alaeke, Either eo I dance for 
Cenoioic closure end suturing hae been obliterated In 
Alaska or the Infereneee of Cenoioic terrene notion 
derived fron paleoragcetlo data are euepact, 

J. G.gphye . Rae., Red, Paper 281710 

8U0 Tacccoophyalca (Plate Tectonics) 

MECHANICS OF FOLD-AHO-TUUIST BELTS AND ACCRETION ART 
HEDGES 

Den Dev Is (Daparmant of Berth end Pleearery Rsiencss, 
Henascbueetts Institute of Technology, Cambridge, 
Haaiaohuuete, 02139), John Suppa ead F-A, Dahlan (both 
■t Departnanc of Geological sod Oeophyaloel Sciences . 
Princeton Uni vara try, Princeton, Saw Jersey, 03540 ■ 

Tha nwerell ueeheolee of fold-oad-thrusE belt* ead 
accretlonery wedge* along concessive plats boundaries 
la considered no be analogous to tbit of s wedge ot 
soil or Bern, In f rent of a moving buLldaier. The 
material within the wedge defame until s critical 
Caper is attained, after which It slid** atably, con- 
tinuing to grow et ecustent caper u additional mate- 
rial la *n counts red at cha CM. Iha crieloel taper 
le the shape ter which the wedge la on the verge of 
failure under horizontal reap rae a Ice everywhere. In- 
cluding tha basal dacotlanant. Coma alllcetn aedl- 
menta and rocks in tha upper iO-JS la nf cha oiuet 
have praaearn-dapendaet brittle ccapraaalva et rang tha 
which can be eppmzlutaly rap relented by the cnplri- 
ael Coulomb failure criterion, modified to account 
for tha weakening effect! of pore- fluid praaeura. A 
staple analytical theory that predicts tha erltlaol . 
tapers of aubssrlal and lubaeciaa Caul mb wsdgss la 
developed and tailed quantitative ly In thras wzyai 
(1) Labors to ry-eodal azperla ante with dry aasd natch 
the thaory. (2) Iha known surface alspa,' bezel dip, , 
end pors-riuid prniauree Is the acclvs fold-and-thruat ■ 
bale of western Taiwan ara used to determine the of- t 
festive coefficient nf lneamnl friction within the 
wedge, p - 1,03, caasletect with Byerlae'n enplrleiV' 
law of elidiog friction, 1% “ 0.05, nn the baae. 

Ttala area ■■ of internal atrengeb rrrtr basal friction 
auggasta that although the Taiwan wedge In highly de- 
formed by lubricate thrusting, it la net ao par**- 
lively frsctursd that frictional a tiding ia aluays 
pHslhla on sarfscas of optlaua orlsntatlon> (3) Being 
th* sbova values of 1% end p , us predict Rubhart-Iubay 
fluld-prasaure , ratio* 1 • >b for ■ amiar, of other 
active aubaarlnl and cubnzrine sccratioHty vadgsa . 
heaed on their obisrvad tapers, finding values svary- 
whsrs ln esceea of hydrbatatle. Than* predicted over- 
pressure* am reasonable In light of petmlwa drill- 
ing experience in general and spas with Qsarby 
fragmentary well data ia specific wedges where they , 
era available. Ha conclude that, fold-andythrutt. 
onlta and secret ion* ry wedges h"Vw tb* "rthenUz of : j 
bulldoiar wsdgq* in au^raaaiqn .aa^ Chet oorael '' 
lebor story fracture end frintloaal strengths am 
appropriate to mmtftaln-bulUfiig pMcqt*** te.th* 
ilnsSr crust, above the bcittla-plsztlc transition.; I 
I; 0 sophy ■•■ Bast, Bad, Paper ll|7U • ^ 

■ ■ . • .• • ! -o' - ■ u. . ’ 

■lSQ'Tsctconphyalei (hats Tnnteales) ■„ . 1 

A DHATUB ETUDJI OF THE.COM OFFSET OF THB -, . ' 

JUAB D8 FlfCA RIDCBl ETOLtJTK* OF A fWftUr- ■ ' ' 

TWO MPT .- . ' V. ,! 

Hi F. Gobtunn (fish, of Ouu. HS-IG.'BolvJ ... - ■ ] 

of Vsibiagton,' SsatUs, HA 98193) , Jit. -. . 

.Ears tan,' J, S. palpoap, l> E. BsjrJsi '[ ' ' 1 

Gwris spd E. -L‘. Oiaa* ”’ ■ ! , > . ’ -■ ■ 1 

I. :.tbn Cobh Offset on thf'norpiam portlpR of ■-. . I 
tha Jwzn da Fueh Bldgs has .faten, IdgaUfied ... ' .1 / 

M tK» tip- of -s^ Borthmerd ptePtepMafi .rift!- •; , H • V. 
(8-y sad'fttlstej »82).. 3 ^ ejpiU »lnqs fef-j . 
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7720 Elactroosgreclc radiation 
RADIATION FRDM A MOV [KG POINT-CHARGE IN A DRIFTING 
ANISOTROPIC PLASMA 

E. Yasusoto (Dapartnant or Conputar Sclenca aud 
Cnsuntcatlon Engineering. Faculty nf Engineering, 
Kyuehu Unlvcreity 36, Fukuoka 812, Jepaol 
Tho radiation from a uniformly moving paint-charge in 
an anient roplc cold plasma drifting along a finite 
azcarnal eugseclc field la Invaat I gated, on tha boils 
of the olscttodysanica of moving nsdla. In genera) the 
radiation camlets of two waves, I.e. the ordinary and 
Stiraordlrnry waves. The analysis ehuva that n. iha 
drift velocity of the background plnaaa Incrausoa an>l 
reproaches to that of the moving Bburce, tlio radlai.-d 
energy of tha ordinary wave la rouoo.inily enhancud ,.nd 
too Corsnkov rev boconaa concam rated in tho direct Ion 
of Iha DOLlcn of tho source. (Having source, drifting 
plasm, elsctronagbutK radiation). 

Esd- SCI., Paper 2A1385 


7760 Radio Astronomy 

I CIE ? rl SiS2T IO, /,2« 2 A010 EHIS5lW FR0N 10 FLUX TUBE 
A. C. Riddle [700 Grant Place. Boulder, CO, B0J02) 

'M end observations suggest that Jovian 
^ C .K d10 w E 7‘» ,0n ** G anBr *ted in flea tubes 

thlt ,^ ss ejoifl to lo's orbital 
htedered£vU;i .TZ ' T C than,V ■»* 'h'-crvUloo It 
r^c^ N as “hleh specific flu. 

fw 'Jr *fi P * a par I ,cu1ar w1»*1on. Emission 

i?:. thft T^? 5 tar tane0uS 1“ flu* tube has 
emluto£* 2SE*!!? 1 * 7,1,5 " 4ka » ooislble a mapMnq or 
riaiinrl J ^ c . a "“ tlM f1u * tube* ter a 
Tho m! i^J!!" 8 * ° f , Jov,an 'ongltudos (240'- 360"). 
cuJr!2? .1 opan f ° r * Ill0ra iHtect coavorlson of 
Current theories with the observations. 

J. Otaphya. Raa., Hu®, Papar 2A1&89 

7770 Suupotfl 

™foiw “umr ! 1761X1 8001 w BM0R “ 

and Pleneta pv P1 *nateiy Bclancae and Lustr 

Ualv * r * lCT 01 Arla8na - 

te-mued 1 «lteftv C L‘, ,m ; P0C c C lni “ ■■B“ aaaa lB ^ 
eonalatanrilth 9 1 ,b8Ut 1850 la ■ ho,,n t0 ba 

when phazs rf f “ " ", 0r c 1 "* "" ”80-1800 tl* p.rted 
°.“f« -f th. Ham cerrlar aLmeold fro. 


log and vr.lcanlsm on the two rldga aagnanta 
abutting tha GUaar and permit detailed 
Dodellng of tha recent evolution within this 
crane form zone. The sals of recant sprend- 
lng on the southern ridge bands from the 
r.*r-wl ■ 1,1.'.. .••IV— ri ., S-«; 

nauh or a7“iij'li. Ih* spread Lng aria 00 tha 
narthorn rldgs aegcant gsnarsll* deftnae a 
M2irE trend, axcapt at ths ajuthem taralsus, 
whan ths apraadlng cancer <1 offset slightly 
to tha east. Tha two apraadlng centers ovar- 
lap by about 33 to is tha Of fait vicinity 
and there ia evidence of recant vnlcaniem 
on both aagnants. Pramnt rldga amis morph- 
ology exhibits a transitional sequence fron 
n aynstrlcal, axial high along the mar* 
notnal 1 paction* of *ach rldga legment to a 
graban-lik* depraaiian aa tha tip (■ stared. 

Ihn magnetic anomaly patterns obisrvad ln 
the Cobb Offset vicinity are not consistent 
with the pattens predicted by nodsls of 
continuous, northuzed propagation. The nf 
satlc anomaly pnttsns of ths Rnnhsz Epoch 
requlrs an avast of rapid northward propaga- 
tion about 0.7 n.y.B.P, , fallowed by a war. 
gradual southward propagation In ths Diddle 
Brimhae Epoch ; nset rtcently, the spreadisg 
canter on ths snuthBRi rldga haa aateedad 
northward to ita praaant cenf lgnratlna . 

Friar to ths Branhts Epoch, rodallng nf cha 
■agnatic anonaliss doss not Indicate a unique 
solution | however, net propagation he* bean 
northward. He praaaat alternative modal* 
for ths period beginning 1.7 m.y.B.P. In the 
first modal, tha Cobb Offset ba* evolved try 
a eerie* nf northward end southward event* 
of propagation, with aat advasoa to tha 
north. Ia tha a* rood nod*] , a table zeymt- 
rlc zpreading fron overlapping ridge segments 
hsa evolved Into a transfers fault offset by 
ftadael decay nf tha oarthan rldga. Both 
models indicate that propagation haa been 
discontinuous, relatively rapid (aoiqwred CO 
spreading rate) and that ra-allgnane nf 
ridge aegnante near the propagator tip I a an 
Important oomponaat. 

J. Gaophys. Baa., Bid, Paper 2B1B03 


■nd Karina 3c 1 too. laatltuto, Daivaraity of 
California, Santa Barbara, California, 93IOS), 0. P. 
Miter. B. P. Luytndyk, T. H. Atwater and l. Mura 
Ha report here ton first attempt to directly nap tha 
boundary of a Fine-Ha tteowa magnatio nti-lps on the ■»* 
ric#c-r. Our ot-JecUvoB ara to study tr,e prc:ei*ws ,j,r 
ooaenlo cruet el eocration as racordod in the ravvrael 
transition tone end to investigate tho formation or 
th* nagnetio source of Vlns-KaLthoua magnetic aooaa- 
lina. Our deep- tow and ALVIN -based magnolia studios 
fooun oo the Hatuyana/Bninhaa rsvaraju transition on 
thn flanks of tba Eaat Paoifia flise near 2!’N. VhUa 
lb* ua-lavel c* gnat la nneenlLea are lass than avarago 
ia Clarity far us Ease Paolfio Mu, a ■lhrs»- 
dineaslcnil " imaraion of daep-tow date reveal* a 
Sharp, strlka- linear polarity transition !«*■ than i.8 
ta wlda (Maodould ot ml., 1960a). Thai* uaaureasnt* 
navm man augmatid by mounting a vertical aignatlo 
■radlonatar on iLVIH and making 280 reliable polarity 
determine Uoo 1 aloig and aoroas Ua polarity z renal - 
t loo ion*. Run on long U-avarmaa corona both aldaa 
or tha boundary, wa find that Marly every aagnatla 
target has thn oar re at polarity, l.a. , tb* sees pol- 
arity am it* regional aigcetia 1 treat! on. thia hoao- 
ganalty in polarity of tho maRnotio llnaationa In 
•w prising. The ugnatlo polarity transition in tha 
out a rapping voLoinlo esoclon La sharp end 1 loser uong 
■AfAte, delinnlsd ln mama sues by s alsar geologlo 
aontut of opposing now fro nte of different egea. 
Several vastly nagnatiaad eaterapa nappad within tha 
transition so a* nay have erupted during tba tin* Ja 
wbloh thn gaflaegaatlo field vs* reversing, ihn rmvar- 
“* boujidBry mapped on tie seafioco* from ALT in is 
displaced 250 m to 500 o IW away from the apraadlng 
aria relative to tba position nf tea mvarsga boundary 
aa derived from Inversion nf tba daap-tow and naa- 
lavnl aagnatla date. Thia offset provides a mg ana for 
estimating thn a pU lover of lava flows away from tea 
spreading ezla during iha Liao th* cruet was formed. 

Iha osabl nation of daap-tow and ALVIN mansuroantn 
auggaat that olras O.f ay ago tea oraatal aeareUon 
aona (ugutiaad roloanlo, intrualvo and pi u Ionia 
roolca) uu 2000-2000 a wide, while U>a aona of meant 
voloanlaa alnna was only 1000-2000 m wlda. Thia later- 
al nation for tea moafe raaant ravaraal egress u *n mjtg 
artaaralMa obaarvetlona at ths prasaat apraadlng oso- 
tar whir* u* aona of raaant ralaanlu (naorolosnlo 
aona) verlaa bn tween 000 and 2000 ■ Ln width. 

( nagnetio a non *11 is, Pacific, iLFIM, goHigimtlim) 

J. Gcophya. Ran. , lad, Pepvr 2B2001 
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, or * ,B a* waatern Barth Anar lea tha principal 
differ fr” WUtmtU .train Ma.uro.nte 

tion* 1 ,‘“ c ' ll 7 Brom cha prlnoipsl straaa dim- 
tTOm faolt !*“• iolatl— af narth- 

1. ,1.' taaaan for thia diffarence nay ba related 

Iha *trmT , Sii? e !5*! ,a " a,1J '' i ** “* trthntqua. 
ordara*** " Ub,b4 *" “ aerthquako la about two 

2. "- _ r —f lte d« greeter than thaC.obaemd by gso- 

t T awr * ,,Ie, ^h™ over approxlMtely a isvan 
eborc*. '!“■ BCroln maasnemnanta mj thua arnia 
a*. «v«rlr. f llf Ct “ attana ta rtUa aarthquakas 

th. hul , t B hare-tora fluotoetioai rospoodlnf to 
■assure .5* . ,ocn nul«tad to produce a mom znliabla 
•trail t teotonlo 1 train. (Benin, 
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Physics of Auroral Arc Formation 

S.-I. Akasofu and J.R. Kan, eefitoa. 

The polar aurora Is investigated and a unified physical model has' begun to 
emerge based on a great variety of observations and plasma studies. 

Topics explored are; 

• Morphology of auroral arcs 

• Auroral electrons and Ions 

• Auroral electric fields and ftold-aUgned' 
currents 

a Modeh of auroral potential structures and 
energhatton of aurdra! pEfrttdes 

• Simulation of space plasma phenomenon 
'• Numerical slmuleitlbn of auroral potential. 

! structures and related problems ' ' 

> Plasma waves qbserved on auroral 

field fines and In laboratories- "" 

« Theoretical studies of waves' and 
turbulence In auroral, plasma 


472 pages 
illustrated 
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